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ABSTRACT 
Species are central to evolutionary biology, systematics and taxonomy. However, their 
precise definition and diagnosis is not straightforward. Species may be purely nominal constructs 
of the human mind or they may be real entities. Part of the difficulty of defining and diagnosing 
species lies in the continuous nature of variation from the level of the individual to the population, 
subspecies and species. It is here where systematics and taxonomy become challenging and 
exciting tools for understanding life on the planet. For bats, most of the efforts to describe and 
differentiate species have been qualitative. This may have worked in earlier times, during the first 
efforts to describe and name species. But, more recently, our perspectives have become sharper 
and the shortcomings of the qualitative approach have become obvious. This thesis is a collection 
of published essays, submitted studies, and ongoing research into the boundaries of bat species. 
In each chapter, I stress that species are not ideas or categories in the mind, but are real entities, 
based on testable hypotheses about the distribution of character states within multiorganismal 
entities. Therefore, these hypotheses and distributions of character states should optimally be 
analyzed through the prism of statistical inference. The dynamics of size and shape in the genus 
Anoura are discussed in the context of the space occupied by the different species within the 
genus, with novel insights into the interpretation of the distribution of these species in 
morphospace. For boundaries in the genus Carollia, I reassess current taxonomical knowledge, 
v 
analyze morphological variation in relation to the environment, and the statistical uncertainty of 
species discrimination. In the species-rich genus Sturnira, I analyze a large morphological dataset 
for several species from Ecuador, describe a new species ( S. per/a) synonymize an old one ( S. 
luist), and provide a new perspective on phylogenetic relationships and species boundaries. 
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Preface 
... nature proceeds little by little from inanimate things to living creatures, in such a way that we 
are unable, in the continuous sequence to determine the boundary line between them or to say which side 
an intermediate kind falls. Next, after inanimate things come the plants: and among the plants there are 
differences between one kind and another in the extent to which they seem to share in life, and the whole 
genus of plants appears to be alive when compared with other objects, but seems lifeless when compared 
with animals. The transition from them to the animals is a continuous one, as remarked before. For with 
some kinds of things found in the sea one would be at a loss to tell whether they are animals or plants. 
Aristotle in History of Animals (350 B.C. E) 
During the early undergraduate days of my university life, I was offered the exceptional 
opportunity to visit Amazonia, a place believed to be the richest on Earth for biodiversity. Still 
green and inexperienced, I suddenly found myself surrounded by a vast jungle in the darkest of 
nights. My job, during the eerie and humid darkness, was to set guard next to a few mist nets and 
shout for help in the likely event of capturing a bat. The next morning, I was the proudest of 
biologists, hardly restraining my pride in showing my collected samples as a hunter's trophy. 
However, despite my enthusiasm for the number and variety of bats, I was troubled by the 
difficulties and challenges in the most essential task of classification. Only later I realized that the 
challenges with species and their boundaries finds its source in the multifaceted nature of these 
entities and the innate limitations in our senses; particularly, our ingrained tendency to imagine 
boundaries where there are none. 
The universe is not fully cooperative with our efforts to impose order and classification 
upon it (Baum, 1998). In this sense, Ronald Fisher -the man who was responsible for placing 
the mathematical theory of probabilities within the paradigm of the natural sciences (Fisher, 
1959), and in such a process changing our conduct in both scientific practice and thought-, 
referred to the variation of natural phenomena as "one of the greatest obstacles to exact thought" 
before the formal establishment of statistical theory, such as the concept of frequency 
distributions (Fisher, 1960). Thus, natural variation (inherently and universally expressed in living 
organisms) must ideally be understood through the prism of mathematically accurate statistical 
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statements of uncertainty; upon which, the probable truth state of reality is filtered from the 
inexactness of our senses. 
I find beauty in this last statement, for it bears in its words a dialectic contradiction that 
reflects the essential nature of scientific progress. Because one can be accurate and uncertain at 
the same time, here resides the strength of science. Because scientific theories only get stronger 
after a process of contradictions and disproof. Perhaps because science and reason reside in a 
highly developed central nervous system, consequence of a natural process of selection, its 
progress admirably resembles this same evolutionary process, in which competing hypotheses 
succeed or succumb to rigorous mechanisms of falsification (Hull, 1990; Popper, 1994; Wimsatt, 
2001 ). However, the sieve of scientific falsification is one in which absolute certainty is by 
definition not possible, there are no arguments of faith in the realm of science. Then, what better 
method could there be, than to diagnose species through the lens of statistical inference and 
probability statements of uncertainty, only then can we compensate our humanly 
shortsightedness for elucidating the true state of the universe. 
After my return from Amazonia, on those early university days, I was continuously 
confronted by the inconsistencies and apparently lack of objectivity in the methods used to name 
species. My thoughts about this problem consistently lead to the conclusion that much of my 
tribulations regarding species boundaries resided in a lack of philosophical understanding, 
scientific rigor and statistical insight. The motivation for this thesis comes, in part, from frustration. 
The tribulation that one finds in attempting to delimit species by color, size and other characters in 
oblivion to their inherent nature, and the feeling of austerity when browsing thousands of museum 
specimens, while wandering on the intricacies of change, identity, individuality and classification, 
all fundamental concepts for discerning the nature of species. Accordingly, it is not only 
necessary to apply a particular algorithm or technique to measure and describe species, but also 
to understand their ontological nature as particularly challenging natural entities. 
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Chapter 1. Introduction 
2 
1.1. The layout of this thesis 
"Scientists sometimes deceive themselves into thinking that philosophical ideas are only, at best, 
decorations or parasitic commentaries on the hard, objective triumphs of science, and that they themselves 
are immune to the confusions that philosophers devote their lives to dissolving. But there is no such thing as 
philosophy-free science; there is only science whose philosophical baggage is taken on board without 
examination." 
Dennett(1995,p.21) 
Each chapter or section of this thesis includes a leading citation which must be 
interpreted within the core message conveyed by its author, risking otherwise its 
misinterpretation. This is because, even among the full framework of ideas, it is possible for the 
main tenets of established theories or paradigms to become isolated in the intricacies of the mind, 
and thus descend into a spiral of misunderstandings. The history of science is troubled with 
examples of the previous case, where the branches of knowledge become entangled in the winds 
of deception and fraud. Consider Social Darwinism and Eugenics in Nazi Germany, Genetics 
under Lysenkoism in the Soviet Era and Evolution under Creationism in contemporary America. If 
the steer of reason is not firmly kept in due course, science and its philosophical consequences 
offer such numerous facets and edges for a relatively effortless drift from reality. This may be 
frequent in the realm of the natural sciences, where mathematically accurate statements of 
reality, although necessary, are often overlooked. Thus, I stress as fundamental the need for 
quantification. In particular, because the species issue is one that can benefit from many 
perspectives of thought, often overlapping and interrelated, easily inviting debate but also leading 
into puzzles and paradoxes. This latter obliges the introductory discussion to a lengthy essay; 
which, in order to avoid misinterpretations, consists of a detailed discussion on the nature of 
species. Hence, Section 1.2 and its subsections provide a robust theoretical framework from 
which various new aspects on the boundaries of bat species ensue along subsequent chapters. 
Each chapter of this thesis is written in the layout of a formal scientific publication, and 
many of them have already been formally submitted to scientific journals, and some accepted, 
based on a rigorous peer-review process. The goal was to provide scientific robustness through 
criticism and correction. Consequently, there is some redundancy in the contents for certain 
chapters, especially as they relate to analytical methods. However, each chapter is written as a 
unique and novel contribution, even when parallel and convergent subjects where discussed in 
other chapters. I am confident that the reader will find useful information and valuable arguments 
that contribute to his or her understanding of species boundaries in bats. 
1.2. The nature of species 
3 
"Many years ago, when comparing, and seeing others compare, the birds from the separate islands 
of the Galapagos Archipelago, both one with another, and with those from the American mainland, I was 
much struck how entirely vague and arbitrary is the distinction between species and varieties." 
Darwin ([1859], 1964, p. 48) 
" ... though we cannot strictly define species, they yet have properties which varieties have not, 
and ... the distinction is not merely a matter of degree." 
Bateson ([1913], 1979, p. 119) 
Before leading into the analysis of species boundaries, it is essential to provide an 
overarching clarification concerning what seems to be the most current! and commonly accepted 
philosophical view on the nature of species. Although the problem may seem, at times, of an 
exceedingly obfuscating complexity; we must fear not, and seize onto the realist perspective by 
considering that for evolutionary theory to be factual, species must exist. Hence, species must be 
spatia-temporally restricted (although also extended through time), and must therefore be 
ontological individuals, and not classes or natural kinds (or types). This is currently the 
"philosophical consensus" against which very few disagree (Ghiselin, 2002). Thus, species, as 
individuals, must exist; therefore, species must also express in some consistent fashion, and be 
detected by one or various methods. One can obtain a considerable amount of insight by 
4 
discussing the philosophical perspectives of the species entiti. The ensuing discussion expands 
on the details of existence, expression and detection of species, as a useful prelude to the 
exploration of boundaries among the groups of bat species we name as Anoura, Carollia and 
Sturn ira. 
1.2.1. Existence 
"It is really laughable to see what different ideas are prominent in various naturalists' minds, when 
they speak of 'species'; in some, resemblance is everything and descent of little weight -in some 
resemblance seems to go for nothing, and Creation the reigning idea- in some, descent is the key, -in some 
sterility an unfailing test, with others it is not worlh a farlhing." (Darwin 1887, vol. 2, p. 88) 
Darwin, F. (ed.) (1887), The Life and Letters of Charles Darwin, Including an Autobiographical 
Chapter. 3rd ed. London: John Murry 
Except for some very local and restricted cases as in quantum mechanics, science 
frequently conforms to the general cannons of metaphysical realism (Ziman, 2002f This means 
that the labor of science is founded on the premise of the individuaf. This is tangible, objective 
and spatiotemporally restricted entities, which exist independently from the mind and participate 
in natural processes. However, science also elucidates principles and laws over recurrent 
phenomena frequently in the fashion of universals (Hull, 1978). Science which works on 
universals is known as nomothetic science; on the other hand, science which works exclusively 
on individuals is idiographic science, and is often exclusively attentive on historical facts 
(Ghiselin, 2002). Often universals are the basis for natural kinds (or classes) such as the species; 
this last term referred to the natural kind species (sensu Mayr, 1976a) and not to the ontological 
1 The term entity in this monograph differs from its usual meaning in philosophy, where it usually 
equals to thing, a neutral term used for anything real or imaginary. Entity is here used in the same sense as 
biologists and philosophers when discussing the philosophical problem of understanding what a biological 
species is (Holsinger, 1984). Entity is something that exists, independently from the mind, and hence has a 
particular nature. 
2 More specifically, within the subfields of realism, science conforms to the particular philosophical 
cannons of scientific realism (Ziman, 2002). 
3 There is a clear distinction between what can be a set (or category) and an individual. The first is 
an assortment of arbitrarily selected individuals, or a collection of individuals having a defined membership 
determined by possession of an essential property. The second is an entity that behaves as an independent, 
discrete whole, "complete unto itself and coherent" (Holsinger, 1984). 
individuals also known as species (Baum, 1998). Hence, individuals serve as the basis for 
observations, hypotheses, theories and laws, but these last products of nomothetic science are 
tested in reference to recurrent phenomena in the character of natural kinds. In simple terms, 
theories can only be applicable to natural kinds or classes of individuals, but result unreasonable 
in the context of individuals (Ghiselin, 2002). 
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Individuals are, overall, the raw material of ideas, theories and laws; yet, the character of 
such products of intellectual drive owes its existence to the reality of natural kinds and universal 
properties. For this reason, the universal properties of some individuals represent the appropriate 
link to theories and laws; such as for example, the theory of biological evolution. The theory of 
evolution is justified by the existence of the natural kind species, described in its totality by the 
Evolutionary Species Concept (ESS), which serves as a bridge between the theory of evolution 
and the particular entities known as species (Wiley, 2002). Species, as a universal or natural 
kind, have particular species as its instances. On the other hand, species, as particular entities, 
lack instances (sensu Ghiselin, 1974). This is analogous to stating that Homo sapiens is a 
species for the first case (species as a universal with instances); and, erroneously affirm, for the 
second case, that Charles Darwin is a Homo sapiens. The correct discourse of reasoning for the 
last assertion is to say that Charles Darwin is part of Homo sapiens. To clarify this last statement: 
as an individual, I am comprised of trillions of cells, but not one single cell of mine can be called 
Pablo Jarrin. Let us also consider that the proper name Homo sapiens is simply an epithet 
applied to a particular evolutionary entity, used to facilitate our mental processes of 
communication and recognition. However, we must not confound the epithet, which can have 
instances or properties, with the individual, which lacks such instances or defining properties 
(Ghiselin, 1974; pp. 27, 31-32 on this monograph). In harmony with realism and the practice of 
science, species must be individuals or all of biology is based on subjective ideas. 
In the context of evolutionary theory, the challenge posited on the individuality of species 
(i.e. their ontological reality) reaches an appealing summit of discussion and debate, seldom 
equaled by other fields of science. The problem, bedeviled from numerous epistemological fronts, 
orbits mainly around the following questions: Are species real entities (i.e., individuals or 
particular things) or are they solely configurations of the mind (i. e. categories, classes or 
universals)? Have species universal properties? If they do, how should we describe or diagnose 
them without departing from the canons of scientific realism? 
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The former questions demand careful thought and thus I have devoted the introduction of 
my thesis to provide the necessary thinking. I also consider essential to give a brief review of the 
theoretical aspects relating to the ontology and epistemology of the species entity, so that I can 
better place my work into a conceptual framework. A few readers may find the former questions 
unnecessary or exceedingly complex, but I can assure them that such an effort is absolutely 
necessary, as they will find further enlightenment on the species problem along the subsequent 
paragraphs and chapters. A firm foundation built from philosophical insight is fundamental for the 
healthy advancement of scientific thought (Dennet, 1995). 
1.2.1.1. Darwin, Bateson and the existence of species 
I now return to the quotations from Darwin and Bateson at the beginning of Section 1.2, 
since both assertions provide an appealing point of departure into my discussion of the ontology 
of species. Together, both minds may have touched on the key dialectic that makes the diagnosis 
and understanding of species a paradox (Section 1.2.3.; pp. 14, 20, 33). A vehement streak of 
logic, concordant with the principle of evolution, is found behind each of the previous textual 
citations corresponding to Darwin and Bateson. However, both, convey their own opposing but 
complementary perspectives regarding the nature of biological change leading to speciation and 
points of view regarding the nature of species. On one side, Darwin emphasized on the 
malleability of life forms and how one class transcends into another along a seemingly continuous 
fashion. On the other side, Bateson argued about the existence of distinct noncontinuous units of 
evolution, with unique "properties" over "varieties" (contra Mishler, 1999). 
Both assertions appear contradictory at first sight; yet, they are indeed complementary 
thoughts about the nature of species. Darwin regarded species as classes, kinds or types (all 
subjective divisions), at least within this particular thought (sensu Gilmour, 1940; Haldane, 1956; 
Ehrlich and Holm,1963); opportunely acknowledging nevertheless, that species are somewhat 
fuzzy in their limits4 . Bateson, on the other hand, may have struck the very core of the species 
problem. He was clear on his statement about the impossibility of rigorously defining species 
(sensu Mayden, 2002), yet he seemed to acknowledge the existence of universal properties 
making species unique over types or classes, which he appropriately calls "varieties" (sensu 
Mayr, 1949, 1996; Simpson, 1961; Hennig, 1999; Ghiselin, 1969; Dobzhansky, 1970; Grant, 
1971; Hull, 1976; White, 1978). Bateson may have, at least implicitly, regarded species as 
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ontological individuals. Additionally, Bateson championed the idea of discontinuities in inheritance 
as a source of new species (Bateson, 2002); hence, his mislead perspective of species as 
discrete rather than fuzzy entities5 (Fisher, 1930). 
Thus far the inquisitive reader may find in the preceding paragraphs an intriguing string of 
associations between classes (universals), individuals (particular things), the appropriateness of 
definitions and the existence of fuzzy entities to reasonably inquire about the consequences and 
validity of regarding species as either real or subjective. What is important along the following 
paragraphs is to keep in mind that, for the sake of operational convenience, some may regard 
species as classes and others as individuals, that fuzziness and discreteness are intimately 
related to the problem of species ontologies, and that opposing perspectives may favorably react 
together to extract from the murky mineral of subjectivity the valuable ore of truth upon the nature 
of species. 
4 This is a contradiction in terms since categories or classes lack by principle fuzzy boundaries 
(sensu Baum, 1998; Mayden, 2002) 
5 This is also a contradiction in terms since sharp boundaries among species may have allowed for 
precise definition. 
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1.2.2. Expression 
The only basis for a natural classification is evolutionary theory, but according to evolutionary 
theory, species developed gradually, changing one into another. If species evolved so gradually, they cannot 
be delimited by means of a single property or set of properties. If species can't be so delineated, then 
species names can't be defined in the classic manner. If species names can't be defined in the classic 
manner, then they can't be defined at all. If they can't be defined at all, then species can't be real. If species 
aren't real, then' species' has no reference and classification is completely arbitrary. 
Hull (1965, p. 320) 
If something exists independently from the mind, we expect it to be measurable or 
palpable by some direct or indirect mechanism6. Ideally, for an entity to be real we must assume 
that it should also be perceptually sensible in some particular manifest pattern (Harris, 2004). In 
this manner, pattern and matter are intrinsically dependent on each other. There could not be 
understanding and therefore science without pattern (Huntley-Fenner et al., 2002). Yet, pattern 
requires matter and matter depends on pattern to exist in some form of coherent ontological 
entity. Think for example of species, these are aggregations of matter, existing in a precise 
pattern that endows them with distinctiveness and individuality. Pattern, in this sense, will 
conform to one of the four Aristotelian causes, the formal cause. 
In any given case, we are inexorably forced to determine the existence of a particular 
species through the measure or observation of any possible kind of available characteristic (i.e., 
the intrinsic pattern). This phenomenological condition for the existence of entities conveniently 
applies to the case of species observed as multiple probability functions (Dobzhansky, 1935). 
Species, from Dobzhansky's (1935) perspective, represent a phenomenological tendency to the 
discreteness of life that can be mathematically expressed as functions of character state 
distributions. Species, populations and other evolutionary entities predispose, either by chance or 
selection, to form more or less discrete entities. Either by causal or casual reasons, it is a 
mathematical manifest destiny of variation in the character states of species to sooner or later 
6 Even subtle entities as small and ethereal as subatomic particles can be "sensed" by means of 
complex detectors in particle accelerators. 
coalesce into fixation (Beatty, 1984). Nevertheless, to reach fixation there is a gradual 
progression along which other factors can add fuzziness to the process, stabilize species in 
constant fluctuations or project a uniform pattern of variation (Section 1.2.4, p. 51; Section 1.2.3, 
p. 26). 
It may sound as a reasonable argument to consider species as arbitrary units along an 
evolutionary continuum (Ehrlich and Holm, 1962). However, the evolutionary process, as a 
continuum of change, tends to organize life in more or less diagnosable units, such as 
populations, groups of populations and larger groups of populations that may be called species7. 
All these entities are to be considered real, because they exert an influence over other entities 
and at the same time are dependent on similar influences. Mathematically, these entities may 
represent an array of overlapped distributions, each showing a characteristic central tendency 
and dispersion of variation. Nevertheless, the fact that evolution is usually gradual creates 
overlap and fuzziness among species or groups. 
To connect together the antithetical but balancing judgments about the nature of species 
proposed by both Darwin (i.e. fuzziness and subjectivity) and Bateson (i.e. distinctiveness and 
reality) with the perceptual requirement for the ontological reality of species, we can resort to a 
perspective of species as mathematical functions of multiple character state distributions8. 
Evolutionary biology usually works on aggregates of unique organisms, not classes, integrated 
together by causal and historical interactions. These ontological individuals are known as 
populations or species and are suitably understood by probability (Mayr, 1997). In consequence, 
species are both fuzzy (sensu Darwin) and real (sensu Bateson), and are aggregated as, and 
exist in the fashion of, unique phylogenetically linked frequency-distributions of character states. 
Such perspective of species results also from the following conditions and postulates: 
9 
7 The true boundary among these increasingly inclusive groups may be reproductive isolation, but it 
happens that as any other biological trait, isolation is often expressed gradually. 
8 Linked by ancestry-descendant relationships and other cohesive forces like, for example, 
reproductive interactions and ecological similarity. 
• Each Species is an ontological individual (Ghiselin, 1966; 1974) (i.e. an ontological 
entity sensu Hey, 2001a, b) usually integrated by the reproductive or genealogical 
connections among organisms as its constitutive parts (Hull, 1981; Baum, 1998; 
Adams, 2001; Mayden, 2002). Evidence for these connections is what serves us to 
identify the presence of species. 
• Species are, at their very core, spatiotemporally-bounded lineages of evolving genes 
(Simpson, 1951, 1961; de Queiroz, 1999; contra Lee and Wolsan, 2002) or historical 
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groups (Mayden, 2002). Along these lineages, changes are expected to be continuous 
mainly due to the interactions of its parts (i.e. organisms and genes) and the 
generational transfer of varying frequencies of modified alleles of small effect, 
dependent on random modification and selected through the sieve of natural selection9. 
• The currently detectable patterns of variation and similarity among most groups of 
organisms are the remnant wake of past evolutionary events or other historical 
processes. Consequently, these observed contemporary patterns are a function of past 
processes, but not all processes will necessarily coincide in patterns that delimit species 
under similar boundaries (Holsinger, 1984). Usually, species as individuals are not truly 
those patterns that we perceive (sensu Lee and Wolsan, 2002), but they exist at an 
evolutionary "wavefront", where other mechanisms of evolution may be currently 
operating and triggering new speciation events (Hey, 2001a; contra Endler's "clade 
species", 1989, p. 627). 
Accordingly, it may be safe to argue that it is within these three arguments that the 
embodied ontological pattern of species resides. 
9 There are also alternative perspectives when regarding species as lineages, as is discussed in 
section 2.2.2. 
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One consequence of the former three assumed circumstances is that species will tend to 
be expressed as multiple probability-functions of multiple character states, articulated as the sum 
of any com measurable variables diagnosing coherent groups of individual organisms. These 
multivariate functions are not necessarily separated but can share a region of character 
distribution with other species (i.e. overlap), can be nested within one another or must not 
necessarily converge in their patterns of variation. This lack of boundaries, common in many 
closely related species, may be the consequence of a variety of factors and processes (sensu 
Holsinger, 1984). Only to mention the most possible factors we have: structured levels of gene 
flow (i. e. hybridization), lineage sorting, reproductive compatibility, time of isolation, geographic 
distribution, selection regimens, population size, competition, transspecific polymorphism and 
plasticity. Overlap and lack of boundaries, for any kind of character state, usually appear as an 
uninterrupted spectrum of variation in theoretical spaces of canonical vectors and multivariate 
factors (e.g. PCA). It is a mistaken judgment to consider this last as a failed argument in 
phenetics, because it is not an argument for classification or systematics. My argument is valid 
because I am referring here to the existence of species as real entities and the inherent nature by 
which species can be expressed mathematically. These are the properties of patterns that 
provide us with a sense of recurrence and therefore allow us to study them. The complementary, 
but not conflicting, perspective is that of species as lineages, which are also patterns, and which 
also expresses mathematically in terms of frequency distributions extended in time, as it has 
been already discussed. 
We can, therefore, think of species as recognizable only by means of the combination of 
formal statistical functions about the distribution of character states (e. g. probability density 
functions of any commensurable character), or hypotheses about the distribution of character 
states, and the existence of entities (sensu Hey, 2001 b), bearing such character states (e.g. allele 
frequencies) (Fig. 1 ). Thus, there is no realistic mechanism by means of which we can recognize 
two extant species (i.e. two distinct evolutionary lineages) that share every possible conceivable 
character state, this will be the species version of a Doppelganger (Dennett, 1995). Is the 
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independent existence of such kind of evolutionary entities possible? Most certainly it is not. If we 
think of species as entities that evolve along a phylogenetic pattern, once a branch of the tree 
appears and extinguishes, another branch could never be the same (Hull, 1978). Yet, and 
surprisingly as it is, some species may have evolved more than once at different times and places 
(Turner, 2002), although still remaining different lineages. 
c 
A 
Figure 1. Species as lineages and multidimensional spaces 
Species are evolutionary lineages that express as frequency distributions of character states in 
complex multidimensional spaces. To recognize species we need to observe patterns of discreteness in 
nature. The problem is that these patterns are often overlapping, and species may show further levels of 
phylogenetic substructure. Where do we draw the line? Is sex a sharp barrier or a gradual range of 
probabilities? 
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Species, from the perspective of phylogenetic hypotheses, are also hypotheses on the 
distribution of attributes along the topology of trees (Kitching et al., 1998; Wheeler, 2004) (Section 
2.1.4). In this sense, monophyletic groups predict the distribution of phylogenetic characters. 
Conversely, species are usually recognized by particular distributions of character states known 
as autapomorphies in the "diagnosable version" (sensu Mayden, 2002) of the Phylogenetic 
Species Concept (PSC) (Eldredge and Cracraft 1980; Cracraft, 1983; Nixon and Wheeler, 1990; 
Davis and Nixon, 1992). 
However, autapomorphies are inconsistent with the reality of ancestral species; which, by 
principle, have only synapomorphic traits. This results in a paradox, where ancestral species 
cannot be individuated since they lack unique traits, but nevertheless exist (cf. Sokal, 1986; 
Section 1.2.3, p. 30). This results in irresolvable hypotheses or soft polytomies until the ancestral 
species is diagnosed as a terminal branch by finding additional characters (e.g. time of existence) 
and is conveniently, but arbitrarily, placed as a sister taxon to its descendant species (Kitching et 
al., 1998). This is the reason why ancestral nodes cannot be species but necessary abstractions 
due to procedural and logical constraints. Events of multiple simultaneous lines of speciation from 
a single extant ancestor (e.g. peripatric speciation) also produce paradoxical procedural 
conditions where the PSC finds one of its logical objections (Mishler, 1999). 
Including these special cases, all species must be lineages (or not? Section 1.2.2.2 [cf. 
Lee and Wolsan, 2002]), but not all lineages are necessarily species. Many lineages could 
represent one aspect of the overall pattern above which tokogenetic relationships are maintained. 
Consequently, the species hypothesis should inevitably pass through the sieve of probabilistic 
inference before deemed as entities free from subjective appreciations (Templeton, 2001 ). 
When discussing character states in nature, we often refer to some form of statistical 
distribution, which often converges in the normal distribution. I will approximate the concept of 
species as multi-organismal entities (sensu Hey et al., 2003) and their normality in further detail in 
an ensuing section (Section 1.2.5, p. 45). What is important at this point is to consider species as 
real entities, as real as individuals (in its ontological sense according to Mayden, 2002), and as 
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real as the statistical estimates of variation that can be inferred from such individuals, and that are 
necessary to discover and diagnose species. Contrary to Mayr's (1959) judgment, neither 
species nor statistical means are abstractions (as are ancestral nodes in phylogenetic 
hypotheses); but instead, are real entities on their own right. Estimates for the mean or central 
tendency are a natural property of groups of individuals, as is the accompanying natural variation 
usually inferred through the variance (Sober, 1980). 
Apart from acknowledging species as individuals, any theoretical species concept10 must 
adopt a number of premises under the tenets of evolutionary theory, including the following (from 
Mayden, 2002): 1) lineages are subject to different phenomena including selection, 2) lineages 
change over time via anagenesis, 3) modifications during descent occur with any number and 
types of characters, 4) modified characters transpire into descendants along lineages, 5) lineages 
are finite via speciation or extinction. Although Mayden (2002) refers here to lineages as 
individuals, there may be good reasons to think that the correct approach is to account for the 
duality of species as both individuals and lineages; this perspective has important consequences 
on the way we think about species, as is discussed in section 1.2.2 (p. 21). 
These five tenets suggest that any operational concept must necessarily imply numerous 
difficulties in establishing discrete qualities as boundaries among species. For example, gradual 
evolution often implies the uninterrupted change of parameters in frequency distributions of 
character states, making qualitative judgments difficult and inaccurate, and species necessarily 
fuzzy entities (Mayden, 2002) 11 . Fuzziness in species comes from various levels, directions and 
magnitudes. Fuzziness is not only present from a perceptual perspective (e.g. the overlap of 
character distributions), but also in the very nature of species as individuals because of how 
genetic information evolves and interacts within and between sexually reproducing lineages. 
Fuzziness becomes also evident from other facets, apart from transspecific polymorphism and 
10 Ideally acting therefore on the description of natural kinds but not on the diagnosis of individuals, 
as it will be explained in section 3.1.4. 
11 This problem is particularly evident along the bifurcating pattern of phylogenetic estimates (Hull, 
1978). 
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lineage sorting, the role of hybridization is a pervasive phenomenon among many lineages 
(Hewitt 1990, 1993, 1996, 1999; Nichols and Hewitt 1994; Virdee and Hewitt 1994; Cooper eta/. 
1995; Ferris eta/. 1995, van Oppen eta/. 1997, 1998). Hybridization in mammals, a group of 
vertebrates for which one would be tempted to think this blending phenomenon is supposedly 
rare, is nevertheless present in many instances (Carr et al., 1986; Carr and Hughes, 1993)12. The 
pervading role of hybridization compells the adherents of certain species concepts (as the 
Biological Species Concept, BSC) to embrace a degree of tolerance for porous boundaries 
among species (Templeton, 2001 ). 
Mule and White-tailed deers (Carr et al., 1986; Carr and Hughes, 1993) are just one 
example among many cases of viable hybridization in large mammals (Wilson et al., 197 4; Baker 
and Bradley, 2006, p. 647; Perrin et al., 2008)13. At a certain degree, both species maintain their 
own evolutionary fate and are adapted to particular ecological circumstances (Baker and Bradley, 
2006). Yet, it is not possible to strictly affirm that both are independent evolutionary lineages, 
while their genomes are experiencing introgression. We are advocated therefore to relax our 
concept of species and accept that these are not necessarily independent lineages, and that 
there is a varying spectrum of possibilities where species may blend. 
Moreover, hybridization behaves as any other character, and therefore can be measured 
as a continuum. Even though reproductive isolation is commonly depicted in phylogenetic 
hypotheses as a sharp disruption of tokogenetic relationships (e.g. Graybeal, 1995; Nixon and 
Wheeler, 1990; Roth, 1991 ), the truth is that the "probability of intercrossability" (Mishler, 1999) 
behaves along a spectrum of values and is positively correlated with particular levels of 
phylogenetic relatedness (Mishler and Donoghue 1982; Maddison, 1997). We cannot, however, 
ignore the ample range of diversity found in asexual organisms. Here the problem is instead one 
12 Despite the pervasive role of hybridization, there is also evidence favoring sharper limits among 
mammalian species (Baker and Bradley, 2006). 
13 One will be tempted to think of large mammalian species as organisms enjoying distinct barriers 
to gene flow, as sharply delimited evolutionary entities, yet this is not true in many instances. This 
circumstance suggests even larger levels of gene flow in smaller groups of mammals for which 
morphological, ecological and behavioral boundaries tend to be weaker and less distinct. 
"of too little sex", (Mishler and Donoghue 1982; Maddison, 1997) where the convenient cue of 
tokogenetic relationships is almost absent, making it difficult and subjective to draw a boundary 
line along the spectrum of ancestral-descendent relationships. 
Tolerance at facing hybridization must not be one of subjectiveness and convenience; 
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instead, it can be readily quantified by objective statistical criteria, with probability levels providing 
a direct quantitative measure concerning the existence of inferred lineages (Templeton, 2001 ). 
Such specific quantifiable approach belies subjective attempts to delimit species and involves, as 
a necessary condition, a probabilistic restriction over the discovery of species. Hence, species 
can be regarded as probabilistic entities, at least from a strictly operational and epistemological 
perspective. This last does not substract or interferes with the realistic perspective of species as 
individuals; it only acknowledges its fuzzy and complex nature in the context of our sensory 
limitations. To this effect, the species hypothesis is appropriately pondered within the formal 
workings of deductive science and statistical inference. 
In conclusion, porous borders seem to be common and inherent to many species, 
especially when these are young. For example, according to particular genetic perspectives on 
the split between chimps and humans (Patterson et al., 2006), the early divergence of the two 
lineages of primates was latter followed by a period of hybridization, finally succeeded by what 
seems to be a permanent division 14. For over a million years, inter-species sex was common 
among our ancestors and produced fertile hybrids. Both, the ancestors of chimps and humans, 
exchanged genes, making these early lineages fuzzy in their boundaries. Later on, our species 
may have hybridized with Homo erectus and H. neanderthalensis (Zimmer, 2005 p. 1 09). 
Apparently, not only do some species diverge slowly in the classic Darwinian sense; but also, 
they may continue to broadcast genetic information for the entire period of their existence. Gene 
flow can be a creative force in evolution (Templeton, 2001) but also an barrier to the origin of new 
species; its effects depend on specific circumstances pertaining to further levels of biotic and 
14 There remains a tantalizing possibility for human-chimpanzee hybrids, a hypothesis that has 
been contemplated by renowned biologists as Richard Dawkins (www.edge.org). 
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abiotic components (Endler, 1989). 
1.2.2.1. Species as waves rather than permanent things 
If there were a heaven in which all the animals who ever lived could frolic, we would find an 
interbreeding continuum between every species and every other. For example I could interbreed with a 
female who could interbreed with a male who could ... fill in a few gaps, probably not very many in this case 
... who could interbreed with a chimpanzee. 
Richard Dawkins, 2009 at www.edge.org 
Richard Dawkins during a lecture at TED (Technology, Education and Design, 
www.ted.com), and while paraphrasing the book of Steve Grand (Grand, 2003), invites us to think 
of our own individual existence as "more like a wave than a permanent thing". Let us first consider 
the fact that, at this moment, virtually all of our constituting matter will be necessarily replaced 
along the next several years of our life. The individuals we will be are not the same in terms of 
their comprised matter as those that we are now. Yet, we still know we are the same individuals 
of the past and that we will remain the same until death. The individuals we are, that aggregation 
of matter we represent in this place and time, has experienced a replacement of virtually all its 
constituent matter along the trajectory of our lives. What remains, what makes us individuals, is 
the particular pattern and cohesion of matter along time and space. This is the intrinsic source of 
our existence, identity and individuality. This very same principle, that we use to understand our 
individuation, has to be also applied to the biological species. 
It is in this context that I must comment on a problem raised by the fifth and final point 
suggested by Mayden (2002), relative to the finitude of species via speciation or extinction (p. 
15). A relatively easy argument for the finitude of species as lineages is the complete termination 
of every organism formerly part of the species. Although these radical events of extinction have 
been common throughout the history of life; there are, however, numerous cases in which the 
continuous process of speciation allows lineages to split but not to become extinct in the strict 
sense of the word. When an ancestral lineage splits into two offspring lineages it usually does it 
along a regular and uninterrupted fashion. Hence, part of the integration and coherence of the 
original lineage must be transferred to at least one of the descendant lineages. This 
concatenation of persistent modification is habitually represented as a branching pattern in 
phylogenetic hypotheses, in which bifurcation is drawn as a sharp split, but inherently implies a 
process in which gradualness is pervasive 15. 
Nevertheless, the assumption that cladogenesis implies a death/birth point (Hennig, 
1999) is often arbitrary, convenient only for delimiting hypothetical taxa as internodes (Baum, 
1998). Besides, there are other possible events that result in the birth of new species without 
19 
having to assume the death of old species (Mishler, 1999). Examples of this case are allopatric or 
peripatric speciation (Mayr, 1982), anagenesis (Simpson, 1944) or its ultimate consequence, the 
fixation of character states (Nixon and Wheeler, 1992). Regardless, along an uninterrupted 
historical lineage it is often difficult, if not absurd, to assign landmarks for where a species 
individual begins and where it ends. 
Perhaps, some lineages really die in the strict sense of the word, while others are 
transformed through time. As it where, a splitting event, or the transformation of an individual into 
an historical entity consisting now of two species, may not necessarily mean the historical 
cessation of such time-extended individual (sensu Baum, 1998), as is the species or lineage 
(Ghiselin, 2002); yet, where we previously had one, we now have two individuals. The original 
species may have changed but still be the same historical individual (i.e. there are not temporal 
interruptions along lineages); however, which one of the two new species, represented in a 
splitting event of a phylogenetic hypothesis, is the original entity? One thing is for sure, the 
original species may not necessarily have disappeared; it, most probably, remains extant but has 
been transformed through time by evolutionary processes of mutation and selection. Let's 
remember that an ancestral taxon is, by definition, a hypothetical and abstract construction (p. 
15 This remains true regardless of the classical scale-driven discussion of phyletic gradualism vs. 
punctuated equilibrium and their respective slanted or rectangular time-morphospace cladograms (Denett, 
1995). 
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14), convenient only within the methodological restrictions of cladistic thinking. Accordingly, an 
ancestral species existed or exists, but lacks unique character states (i.e. autapomorphies), and 
therefore must not be reduced to the paradox of hypothetical inner nodes in cladistics (Kitching et 
al., 1998). 
A change in the pattern of organization in both offspring species relative to the original 
cohesive structure in the ancestral species will grant new individuality to the two new species 
(Hull, 1978); however, if this change is produced along a continuum, we return to the problem of 
subjectivity by being forced to mark a limit where there is none. The cohesive structure of the 
ancestral species as an individual is changed through time, but this change shows no breaks, no 
distinct boundaries; hence, the continuum of time and space is maintained, granting this evolving 
entity a unique and single ontological individuality. 
The problem of the change and identity of species individuals through time applies nicely 
to the classical paradox staged by The Ship of Theseus (Horvath, 1997). One solution to the 
Theseus paradox relies in spatiotemporal continuity; where change is pervasive, but an entity 
persists through time, despite its transformation, because of the integration and cohesion of its 
parts (Lee and Wolsan, 2002). Nevertheless, we remain unsure about which of the two budding 
lineages belongs to the original parent lineage, and the answers we may provide can only be 
approximate solutions to the problem (Ghiselin, 2002). Has the parent lineage really become 
extinct as Hennig (1999) suggests we should assume? Or should we better stick to what Dawkins 
says about diamonds and genes, that both "are forever" (Dawkins, 1976, p. 36)? 
Many of the previously cited authors think of species as lineages along which evolution 
proceeds. Nevertheless, a further complication arises when considering the species entity as both 
individuals and historical lineages. Given that a requisite for individuality is the integration and 
cohesion of its parts; how can a lineage, with its "wake" (sensu Hey, 2001a) or "trail" (sensu Lee 
and Wolsan, 2002) of past extinct genes, organisms or parts, can be validly considered as an 
individual? Are not species solely those entities existing in the present but not in the past? Are 
historical connections sufficient for granting the lineage entity its ontological individuality? In the 
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previous discussion I referred to species as individuals, both in the synchronous and diachronous 
perspectives (following De Queiroz, 1998; Baum, 1998; Hey, 2001b). This unifying perspective of 
species brings about some complexities and conflicts that I consider next. 
1.2.2.2. Are species really lineages? 
• .. . systematists will have only to decide (not that this will be easy) whether any form be sufficiently 
constant and distinct from other forms to be capable of definition; and if definable, whether the difference be 
sufficiently important to deserve a specific name .... In short, we shall have to treat species in the same 
manner as those naturalists treat genera, who admit that genera are merely artificial combinations made for 
convenience. This may not be a cheering prospect; but we shall at least be free from the vain search for the 
undiscovered and undiscoverable essence of the term species. 
Darwin (1859, p. 447) 
Are species really lineages and are lineages really individuals? Individuals are perceived 
by our minds as recurrent and coherent entities due to the integration (i.e. interaction) and 
cohesion (i.e. concerted response) (sensu Mishler and Brandom, 1987) of their constitutive parts 
(i.e. pattern). This necessary and essential condition conforms to one of the four Aristotelian 
causes, the formal cause (p. 8). Accordingly, organisms, as individuals, are integrated across 
their various levels of complexity by this same principle of cohesion. However, cohesion does not 
preclude change from acting upon individuals by reshaping the disposition and number of their 
constitutive parts. Furthermore, the cohesion among the parts forming an individual depends on 
its scale or inclusiveness. In species, as individuals, their cohesiveness is usually weaker than for 
any of its more inclusive components, such as the gene. The more inclusive, the less cohesive an 
individual is; therefore, the fuzzier its borders turn out to be (Holsinger, 1984). This leads one to 
conclude that species are the fuzziest evolutionary entities that biologists are challenged with the 
task of delimitation. 
A biological organism, such as an individual human being, is transformed through time by 
an ontogenetic process. Like the Ship of Theseus (p. 20), this being maintains its individuality 
over time by the continuous connection of its parts. Even if most of its cells are replaced through 
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time, and its consciousness experiences remarkable changes from childhood to adulthood, he or 
she remains the same individual due to the spatiotemporal continuity of the interactions among its 
parts. This is true at least upon the inevitable arrival of death. If these interactions are interrupted, 
the conditions for individuality come to an end. Species, as single organisms, also suffer change 
through time, not directly related to an ontogenetic process, but mostly due to evolutionary 
processes. Their parts (i.e. instances) are not cells but organisms or genes, and these are 
replaced through time; yet, the species maintains its individuality because the nexus in time and 
space of the integration and cohesion of its parts is kept at a consistent level. 
The problem with lineages as individuals resides in assuming that the lost or non-existent 
parts, resulting from the process of evolutionary change, maintain some kind of cohesion with 
those other parts belonging to the individual existing at the present time (Lee and Wolsan, 2002). 
Some argue that historical connections, the sort that fossils maintain with their ancestors, suffices 
the criterion among parts for a lineage to acquire individuality (Baum, 1998). On the contrary, 
others argue that for individuals having mechanisms resembling "open systems", as are species 
or organisms, the former constitutive parts which are dislodged from the individual due to a 
process of change, lose all links except for the historical fact that were once part of the individual. 
This lack of effectual connections and the assumption that, as a result of change, historicity is not 
in itself an integrative or cohesive force, leads to the conclusion that lineages are neither species 
nor individuals (Lee and Wolsan, 2002). Former parts of an individual (e.g. atoms, genes, 
organisms) may disappear completely, remain in existence after the disappearance of its original 
individual, or become new parts in another individual. Hence, historic relationships as a condition 
for individuality may lead to paradoxical circumstances as for example multiple individuality and 
boundless entities, and will not support the cohesiveness of single lineages. 
This proposition can be clarified by thinking of a population formed by many versions of a 
single gene. This group of alleles, as an open system, suffers changes through time by 
incorporating, modifying or loosing constitutive base pairs. At any point in time, all alleles present 
in the current version of the population maintain a concerted response to environmental stimuli 
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and closely interact together, conforming to the requisite for population individuality. What is to be 
said, therefore, about those lost alleles which, due to many possible reasons, failed to replicate 
into the next generation? These lost alleles do not belong anymore to the population because 
they became extinct or modified to such extent as to form part of other individuals or systems. 
They may have been disintegrated into their elemental components and reintegrated again in 
other forms of molecules, or possibly irreducibly isolated into single atoms. It is not possible; 
therefore, to affirm that these former entities constitute parts of a lineage individual, because they 
have lost the relevant connections with their former population of alleles, except for the historical 
trajectory in which change was produced. In reference to the Ship of Theseus, we may grant 
some truth to Dawkins's assertion that "genes, like diamonds, are forever'' (Dawkins, 1976, p. 36), 
but only until extinction does its part. Moreover, and according to Lee and Wolsan (2002) genes 
are forever only in the sense that they exist on the present, but neither as lineages nor in the 
past. 
Such a rationale led Lee and Wolsan (2002) to regard species as synchronic individuals 
(or "time limited species" sensu Baum, 1998) and lineages as non-integrated diachronic entities. 
From this perspective, species do not equal lineages or historical events (contra Mayden, 2002). 
The striking consequence from this conclusion is that only species can evolve because of the 
integration of its parts, but lineages can not suffer integrated changes because of the lack of 
connections among its parts, except for those of historical nature. It is absurd, anyways, to regard 
fossils as a group of evolving units. Hence, lineages may not be species in the ontological sense, 
and may not be the subject of evolution. This conclusion has consequences for the way we think 
about lineages, which may not be different from other levels of phylogenetic organization 
(supraspecific taxa), because all are similarly delimited in the past by parts that share a common 
history of descent. This conclusion also conveniently coheres with the perpective of phylogenetic 
structures as fractal levels, in which the delimitation of terminal taxa reaches a certain point of 
subjectiveness (Hey, 2001 b). All of which that was previously said loosely conforms to the 
contrast made by Ghiselin (2002) between species and clades: after speciation occurs, cohesion 
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among the ancestral and descendant populations is lost, remaining only an historical connection 
which is not anymore sufficient to grant participation into evolutionary processes. However, 
Ghiselin (2002) considers both, species and lineages, as different aspects of the same individual. 
According to this perspective, what evolves seems to be only those entities existing at 
present time, loosely depicted by the tips of phylogenetic trees. Thus, species exist at an 
evolutionary "wave front", which is hardly perceived, and leave behind a wake of past 
evolutionary events which is what is usually perceived by the students of evolution (p. 1 0). This 
property of species is also what distinguishes them as the most phylogenetically inclusive groups, 
above which there are no longer cohesive forces of any kind, except for those of historical kind. 
There is, however, a conflict between antagonistic terms, species cannot be either the "most 
inclusive" and "least inclusive" groups as different authors suggest. At honoring the monistic 
standpoint on species, there can only be one perspective. This is the problem which I will next 
discuss. 
1.2.3. Detection 
"When the views advanced by me in this volume ... are generally admitted, we can dimly foresee 
that there will be a considerable revolution in natural history. Systematists will be able to pursue their labours 
as at present; but they will not be incessantly haunted by the shadowy doubt whether this or that form be a 
true species. This, I feel sure and I speak after experience, will be of no slight relief." 
Darwin (1859, p. 447) 
Having concisely covered the subjects of existence and expression; we can now turn 
towards a discussion into the process of discovery of the species individual. To accomplish such 
a discovery, to find that something has individuality over the rest of things or distinguishes itself 
as a coherent entity or pattern from other kinds of patterns, we first need to know what we are 
looking for, hence we need the support of concepts. Concepts, on this ground, are an 
epistemological restriction; perhaps, an unavoidable hinderment imposed by our sensory 
limitations and the many facets that evolution can impose upon the nature of species. This is a 
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point favoring the pluralistic perspective of species (e.g. Dupre, 1999), and an argument against 
the monistic standpoint I refered to at the end of the Section 1.2.2. We can always think of 
species as that entity where evolution occurs, some version of the ESS. However, since the 
process of evolution is common to all species and also occurs at other levels of complexity (e.g. 
group selection or gene selection); the ESS is, therefore, not really an empirically applicable 
concept to recognize and individuate all species. 
What are species is intrinsically connected to the mechanism by which we can establish 
their detection. This means that our recognition methods should proceed accordingly to the 
nature of species and not in the opposite sense. As Wiley (2002) appropriately suggests, "species 
require discovery not invention". If species are all of a single unique nature; then, there must also 
be a single unique concept and a corresponding restricted method of detection (i.e. monism). Yet, 
it is not uncommon for mechanisms of detection to profile or diagnose species as a function of the 
given concept or definition (i.e. pluralism). This practice will disappointedly culminate in a 
confusing array of subjective entities. Within the same group of related lineages, any character-
such as a system of mate choice, color pattern, molar cusps or genetic distances- may succeed 
for the delimitation of certain species but fail on others (Stauffer et al., 2002a, b). The names we 
apply to species must not contradict their individuation; however, these names do not necessarily 
reflect the entirety of reality, but just some aspect of it (Holsinger, 1984). This is a further point 
favoring the use of probabilities and uncertainty when referring to species as evolutionary entities 
(see pp. vii, 11, 14, 17). 
Some argue that species concepts are shaped to satisfy specific needs (Sakal, 1986); 
and therefore, as an occasional tool for the occasional job, where there is one operational 
species concept for each circumstance (Sakal, 1973; Endler, 1989; Kithcer, 1984; Ereshefsky, 
1992; and Standford, 1995). Such rationale seems to fail in strictly logical terms as many 
proponents against pluralism have manifested in the past (e.g. Hull, 1999; Ghiselin, 2002). The 
argument orbits around the premise that species are real, and therefore must be of unique nature 
and concept; thus, to conform to the scientific world view, in which no prejudice for one or another 
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concept is allowed, pluralism becomes a misnomer. There is either a species entity or there is 
none, but such conclusion cannot depend on a particular subjective and personal perspective. 
For example, from a phylogenetic approach, species are hypotheses on the existence of 
lineages, with boundaries established by the distribution of autapomorphies in terminal branches 
(Pieijel and Rouse, 2000; Davis and Nixon, 1992) 16. The very foundation of systematics is rooted 
on the view that only unique characters can distinguish evolutionary entities as such, as one of 
the forebearers of this paradigm clearly articulates: 
"All groups regarded as monophyletic are distinguished by the possession of derived 
(apomorphous) stages of expression ... " 
(Hennig, 1999: 91). 
Species are also considered, as tips of a phylogenetic tree, "the least inclusive groups" in 
which no further tokogenetic barriers are presumed (Mishler, 1999; Templeton, 2001 ). If using 
reproductive criteria; then, species are considered "the most inclusive groups" (Baum, 1998) or 
"incorporative units" above which there is no longer interactions except for the historical ones 
(Ghiselin, 2002). If using ecological characteristics instead; species are lineages, or a group of 
closely related lineages, bordered by other such lineages in function of "minimally different" 
adaptive zones and evolve independently from other lineages outside their zone (Van Valen, 
1976). Other approaches look upon species as isolated constellations (at best) in a multivariate 
space of character distribution (e.g. Anderson and Jarrin-V. 2002; Jarrin-V. and Kunz 2011 ). 
Such tendency to spatial isolation in a morphometric context is understood as a function of overall 
within-group similarity relative to variation among groups (Sakal, 1986) 17. In any given case, with 
any plausible combination or preference for a particular concept, conflicts will necessarily result. 
This is mostly since concepts are usually incompatible with other concepts, at least under certain 
particular conditions. A species, subjective as it is in this case, could take many forms under the 
16 Phylogenetic groups are recognized on the basis of homologies, but species can only be deemed 
as such b¥ autapomorphies, at least up to a certain level of objectivity and uncertainty. 
1 For this and other approaches or criteria, I am not referring to their appropriateness for means of 
classification. I refer to their value as tools for estimating the existence and nature of species. 
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concept of preference. This has been consistently proved in empirical studies that deal with this 
particular kind of issue (Ereshefsky, 1992). 
To refer to species as "the least inclusive groups" is redundant (Mishler, 1999; 
Templeton, 2001), unnecessary and potentially misleading, since the presence of tokogenetic 
relationships (i.e. most inclusive) are implicitly assumed at the level of terminal taxa along a 
phylogenetic pattern. Hence, there is no difference between both least and most inclusive groups, 
as some have previously suggested (e.g. Baum 1998). Least inclusive and most inclusive are 
definitions of the same phenomenon, but seen from opposite perspectives. Only the criteria for 
"most incorporative units" must be maintained, since this demarks the limit between what can and 
what cannot evolve, being for the first case species and for the second clades and inner nodes 
(Ghiselin, 2002). The concept of the "least inclusive taxon" (Mishler and Theriot, 2000, p. 49) is 
also incorrect because the phylogenetic relationship is not a cohesive force necessary for 
individuality, it is only an historical contingent relationship, that could have happened in many 
other possible ways (p. 34); also, because there is no valid relationship of cohesiveness 
necessary for the criterion of individuality above and beyond the species entity, it only exists 
below the species level of complexity (e.g. the gene). 
Another important aspect to keep in mind when detecting and delimiting species is that 
they, as individuals, cannot be diagnosed as a function of the intrinsic properties of their parts. 
For example, it is not logical to describe a human being by the intrinsic properties of their cells, 
the reasonable action is to diagnose a human organism by the properties common to all human 
beings (Ghiselin, 1974). This principle nicely meshes with the emergent properties of biological 
systems. The attribute of complex biological systems cannot be explained by the characteristics 
of its components, there is a different set of properties for each level of biological organization 
(Mayr, 1997)18 . 
18 see pattern in pp. 7, 10, 17, 19 
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Hence, species concepts may be regarded as tools for measuring biological diversity, 
each concept being a particular instrument for a particular purpose (Endler, 1989). This rather 
subjective approach into the nature of species necessarily derives into conflicts when the wrong 
tools are applied within a determinate circumstance. All perspectives coincide, however, in 
detecting species through the expression of characters in the pattern of frequency distributions. 
The observer can be unaware of the fact that the sensible patterns by which he or she is able to 
estimate the boundaries of a species are naturally expressed as mathematical functions and 
subjectively interpret them qualitatively 19. The price to pay in a subjective appreciation of reality 
can be large (Jarrin-V and Kunz, 2008), but characters and species will remain absolute from the 
quandaries of the mind. This is to say that all the formerly mentioned mechanisms of detection of 
species must not fall into the trap of making similarity judgments without handling the strategic 
advantage of accurate statistical estimates of uncertainty. 
Sokal (1986) provides an insightful explanation on three operational sources for 
classificatory stability. His discussion is also an insight on how our perception of species as 
individuals varies depending on operational restrictions. 1) A particular viewpoint on evolutionary 
individuality may be influenced by the number of characters or particular selection of characters. 
For any set or number of characters, one may expect full congruence into the same evolutionary 
individual, but this is not always the case (e.g. lineage sorting). 2) Other factor affecting the 
delimitation of individuals is the context in which this is delimited; a particular selection of OTUs or 
taxa may affect the final conclusions of a delimiting analysis. 3) Finally, the particular choice of 
method affecting character coding (e.g. continuous vs. discrete) or the computation of statistical 
matrices (e.g. an estimate for variance-covariance) may affect our perception on individuals. 
One undesired consequence of using any specific mechanism of detection may be 
assigning a level of subjectivness to the species entity; hence, our preferred and ideal 
mechanism of detection must be sensible to the reality of the species and not the opposite. In 
19 Virtually all characters can be expressed mathematically, mass, color, vocalizations, 
temperature, reproductive cycles, norm reaction, etc. 
coherence with the nature of the species individual and the limitations of our detection 
mechanism of choice, this ideal device of detection may benefit from several courses of action, 
but must also capitalize on the use of probabilities as an accurate measure of uncertainty. 
Stressing on accuracy, the study of species should ideally conform to the canons of 
scientific inquiry. In this sense, once we have acquired as many observations as possible from 
particular phenomena (through a classical inductive procedure), the ensuing step is to test the 
validity of pre-established hypotheses by means of a process of deductive reasoning (i.e. 
falsificationism of scientific hypothesis) (Popper, 1934), often aided by inductive inferences of 
statistical nature. Yet, this is not always the case and for certain circumstances may not be the 
optimal, but it is the commonly expected flow of progress towards ideal theories. 
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One cause for the need of statistical inference is sample restriction. If species exist as 
"multi-organismal" entities (Hey et al., 2003), they therefore must be studied, measured and 
diagnosed by what is usually a limited subset of samples. Another cause is our inherent cognitive 
inadequacy to satisfactorily comprehend each and every part of a complex system as is the 
species; thus, unavoidably and naturally forcing us to rely on statistical estimates of variation and 
central tendency. Additionally, the property of species as evolving lineages trough time, often (but 
not always) means that access to the entire populations is unattainable. Consequently, species 
are usually diagnosed through estimates and are hardly definable because they are time-
extended individuals. This is especially true if we understand the concept of "definition" as the 
thorough description of every sensible characteristic explaining an individual. Definitions imply a 
necessary condition (i.e. an essence), except for the fact that species, by their very nature, lack 
essences (Section 1.2.3.1.). This perspective of species as lineages, conferring them a lack of 
essential properties, dictates, in part, the arbitrariness in any attempt to establish species 
boundaries (Mayden, 2002). 
Thus, we should conform to the ontology of the species individual and react accordingly 
through appropriate epistemological approaches. However, since "norms imply violations of 
norms" (Diamond, 1997), there are special cases in which species can originate instantaneously 
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(Hull, 1978), and hence lack almost any independent genetic history, being diagnosable only as a 
whole from a handful of individuals (e.g. Lande, 1981; Dominey, 1984; Johnsgard, 1994; Hoglund 
and Alatalo, 1995; Turner and Burrows, 1995). 
It is true that the limited subset of biological samples available to us for the study of 
species and speciation is usually perceived by the measurement and contrast of character states. 
Moreover, these character states are naturally expressed as probabilities about the location of a 
central tendency parameter in a range of data dispersion (Bentkus et al., 2000); this is true even if 
we insist on purely qualitative interpretations of biological data (Fisher, 1930). In other words, 
species have an inherent nature readily diagnosable by a combination of probability density-
functions (PDFs) or probability mass functions (PMF) of character states20. It does not matter 
what kind of character states these may be (e.g. genetic, morphological, behavioral, etc.), all will 
eventually converge in discrete or continuous probability distributions, and ultimately will 
approach the normal distribution thanks to the central limit theorem. 
Sokal (1986) refers to a "monothetic classification" to one in which the method of 
classification is based "on one or more invariant character states". Yet, the very meaning of 
"invariant character states" demands a number of assumptions that are improbable within the 
paradigm of Darwinian evolution. Invariant in the statistical sense implies zero variance, and in 
the evolutionary sense is contradictory to its principal tenets. Hence, variation is present in 
virtually all known character states for populations and species, and these are often expressed as 
statistical frequency distributions. The alternative to the presumption of invariant character states 
is to measure and interpret them through the prism of probabilities. For example "class A 
possesses estate i of character jwith a probability of Pij s 1" (Sokal, 1986). To this effect, a 
probabilistic perception of character states goes naturally by the hand of polythetic classifications. 
Thus, from this particular polythetic perspective, no character is either essential or sufficient to 
20 A PDF is the mathematical description of the space of probabilities for a particular phenomenon 
of continuous nature in a statistical population. A PMF is similar to a PDF, but when the phenomenon of 
interest is naturally expressed as discrete values. 
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grant an organism an established classification; likewise, there are no essences or universal in 
species as ontological individuals (Section 1.2.3.1.). It is important to note, however, that Sakal's 
classification in this case does not refer to the ontological individual but only to a subjective class. 
For a classification of biological entities to achieve the expected association with reality, it 
must honor the process of evolution and acknowledge its restrictions (i.e. the pattern of common 
descent and modification of characters states through time). It is because of this process of 
evolution that species tend to be naturally aggregated as combinations of probability distributions 
(Fisher, 1918; Turelli and Barton, 1994; Eckhard et al., 2001). Moreover, an entirely phylogenetic 
perspective of species as lineages is not exempt from the need for statistical perspectives. For 
example, "cohesion species or evolutionary lineages or set of lineages with genetic 
exchangeability" (Templeton, 2001) can be articulated as null hypotheses that can be tested 
through statistical tests and assessed by indices of significance. According to Templeton (2001 ), 
statistical inference for the recognition of species incorporates the nature of species in the 
process of their discovery, recognizing that many species are not clean (e.g. hybridization) in a 
strictly phylogenetic sense. 
By contrast, biological organisms (or genes, depending on the circumstance), as the 
elementary particles upon which species are derived, are the intricate consequence of the 
interaction of a wide range of factors, and are, at the very least, ephemeral particles that 
continuously cease to exist in favor of new variants, an uninterrupted process extending back 
nearly 5 billion years. Even at the most basic level of biological identity, the molecular structure of 
individuals is never the same, except for clonal siblings (Piomin et al., 2002; Kidd et al., 2008), 
and there is no single known strand of DNA common to all organisms or even common to all 
members of a species (Lewontin, 2000). If we consider such a multitude of individual particles 
and the immense number of interactions possible between genome and environment; then, a 
single unique concept governing the nature and characteristics of all extant and extinct species 
on Earth is to be considered extremely impractical, if not impossible. There is at least one 
exception for every plausible scenario of speciation, and sexual and geographic isolation are 
"neither necessary nor sufficient" for the differentiation of lineages into species (Endler, 1989). 
This coincides with one of the conditions noted by Ghiselin ( 197 4) for individuality, species as 
individuals do not have instances, there are no properties "necessary and sufficient" to define 
them as entities (also mentioned in Robert and Baylis, 2003). This last rational is a strong 
argument against species as natural kinds and against universal concepts. 
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Despite the problem with universal concepts, there are largely general and theoretical 
concepts that are hardly applicable in practice, but that may rightly encompass the complex 
nature of species as individuals (Hull, 1997; 1999). At least one of these theoretical concepts, the 
cohesion species concept by Templeton (1989), which is severely criticized by Ghiselin (2002), 
may also become applicable and operational through the prism of statistics, endowing the 
process of species recognition with a probabilistic dimension (Templeton, 1994; 1998; 1999). 
1.2.3.1. Essences and definitions 
The reader may have noticed by now that I have avoided using "definition" as an 
appropriate term for the recognition or delimitation of species. This is because to "define" a 
species is a logical impossibility, especially if we agree with the ontological premise of species as 
individuals (Ghiselin, 2002; Mayden, 2002). Also, we must notice that detection and definition are 
distinct operations, the first results from the natural expressions of the characters in species; the 
second, from the natural expression of the mind. 
There is an extended and sound discussion among philosophers about the relationship 
maintained between diagnosis or descriptions against definitions in the context of individuals 
(particulars) and classes (universals) (in the spirit of Heraclitus). Individuals are often composed 
of many parts, share fuzzy boundaries with other individuals, and are usually spatiotemporally 
extended, meaning they can suffer indefinite and mostly unpredictable change, but still remaining 
the same spatiotemporally limited individual (Ghiselin, 2002). Thus, definitions are restricted to 
categories, classes, natural kinds or subjective entities and only diagnosis is applicable to 
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species. This is because if species are "extensional classes" or sets of organisms, then a 
definition will be needed for every new version of the population that transpires through time and 
space. Classes, on the other hand, are subjective constructions and are definable because, as 
mind constructs, they tend to be immutable through time and space (Ghiselin, 1974; Hull, 1997; 
Baum, 1998; Mayden, 2002). 
If species, as biological entities (sensu Hey, 2001 b) or ontological individuals, naturally 
exist as lineages; they cannot be defined only diagnosed through time and space (Mayden, 
2002). On the other hand, if we insist on species as classes, necessarily requiring established 
definitions for their existence as classes; then, we must give up the ontological strictness by 
which we are expected to work under a realist perspective of science. If species are classes or 
natural kinds; then, they must require clear, infallible and immutable definitions. Moreover, if 
species are regarded as lineages, requiring definitions; then, an infinite number of definitions may 
be required to account for all of the infinite number of molecular, morphological, physiological, 
behavioral and any other possible perspective subject to change along the descent of each 
lineage (Burma 1949). Thus, only one definition is required for the species as a class, necessarily 
unlinked to the perspective of descent with modification (sensu Mayden, 2002). This is the 
paradox to which I refer at the beginning of Section 1.2.1.1., and in other preceding paragraphs 
(pp. 6, 14, 22, 33). 
It therefore seems that, if we understand the nature of species, we may not be able to 
fully define them under a categorical framework. Notwithstanding, in order to make species the 
matter subject of our studies, it is often necessary to frame them under a particular definition, and 
leave aside our strictness towards realism. Often systematists treat species as classes under a 
particular definition; but, and at the same time, are used to work under the evolutionary paradigm 
that dictates the lineage nature of species as ontological individuals, not classes (Mayden, 2002). 
Thus, to define a species is to frame it under a particular perspective, one of formal stasis and 
immutability. To diagnose a species, on the other hand, is to acknowledge its nature as an 
independent evolutionary linage, characterized by its mutability and lack of stable definitions. 
Notwithstanding, we, as a species, often require the support of definitions for understanding the 
world that surround us. 
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A complementary and expanding argument on the issue of diagnosis and description 
against definition is given by Ghiselin (2002). When a systematist states that a particular set of 
"derived (apomorphous) stages of expression" (Hennig, 1999: 91) "describes" a clade (Farris et 
al., 1970; Stauffer et al., 2002a), he or she is assuming an underlying causality; which, for 
species as historical entities, is nonexistent. That a particular set of characters defines a 
particular clade is only based on contingency (p. 27), it is a casual state of affairs that could have 
been different. Thus, there are no properties "logically necessary" for a taxonomic classification to 
apply. This last problem on the ontology (i.e. existence) and epistemology (i.e. knowledge) of 
species leads me into the discussion developed in the following section. 
Before finishing this section, we must revisit the first words in Section 1.2 (p. 3), and 
reclaim the best from the quoted thoughts of both Darwin and Bateson. Their ideas 
counterbalance each other to an equilibrium that can suitably summarize the problem of species 
nature as follows: Although most species are usually born from uninterrupted processes of 
accumulated change, they are also often regarded as classes (or mind-subjective constructs) 
because of the epistemological restrictions imposed by our need to assume and define particular 
kinds of connections (i.e. species concepts). These connections may integrate the necessary 
parts (i.e. organisms or genes) that provide structure to a particular species (Baum 1998; Hey, 
2001b). Nevertheless species are, by their very nature as individuals, indefinable and only 
diagnosable or describable (Ghiselin, 1997, 2002). Moreover, they exist independently of human 
thought and are approachable only as hypotheses concerning their existence (Baum, 1998). 
These hypotheses are best judged by statistics. The following sections extend these ideas into 
further detail, explaining how species are often the conflicting result of two processes, evolution 
and human thought. Both procedures purvey a complex solution that should ideally draw closer to 
the nature of the ontological individual that exists in reality but can only be indirectly approached 
by means of a restricted epistemology. 
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1.2.4. How we perceive species 
" .. .in a continuously varying living world only a purely artificial classification would be possible." 
Dobzhansky (1935, p. 346). 
1.2.4.1. Perceiving borders 
Where and when does a single population, diagnosed by the tokogenetic relationships of 
its parts, becomes two independent species, diagnosed by phylogenetic relationships as sister 
species? This is a narrow question; it refers to a relatively small branch of life, as it excludes the 
vast realm of asexual organisms. In this latter realm of life independent lineages are much harder 
to diagnose as species. In the absence of tokogenetic relationships, where can species 
boundaries be drawn along a phylogenetic tree of asexual lineages (Endler, 1989)? For the case 
of sexually reproducing species, do we face the same predicament when using haplotype lineage 
markers to infer phylogenetic hypotheses and delimit species breaks as terminal branches?21 
Moreover, some taxa such as fish in Lake Victoria, Lake Kivu and Lake Kanyaboli and some 
species of amphibian and snails show larger molecular variation within than between groups for 
common molecular markers such as the Cyt-b and COl genes (Vences et al., 2005; Thomaz et 
al., 1996; Verheyen et al., 2003; Verheyen et al., 2004). Thus, by giving full acknoweldgement to 
the lineage perspective, we can ask how are systematists and taxonomists able to identify an 
evolutionary entity as a species? Where are the limits between populations, metapopulations and 
species? 
According to Mayden (2002), humans have an inherent difficulty to find clear answers to 
these questions because we, as a species, have an innate tendency to assign values to things, 
provide things with aesthetic standards, and show a strong inclination for establishing clear 
21 Molecular variation within and among groups may not concord among genes. 
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boundaries among natural entities. Our psychological need for values and aesthetic perspectives 
frequently summons unquantifiable qualities, and requests from us the definition and identification 
of character states; which leads us to look for consistently unambiguous marks of differentiation 
to establish boundaries for species (Atran, 1999). Despite the canons of gradual evolution, 
biologists insist, consciously or unconsciously, in fixed limits for species. This may be the reason 
why some contemporary philosophers suggest that a strong prevailing view in science favors the 
fixed identity of species, despite the indisputable evidence against typological paradigms (Robert 
and Baylis, 2003). 
What kind of characters and degree of differentiation are needed for evolutionary entities 
to qualify as species? This is not only a question pertaining exclusively to the phenetic 
perspective, but it also involves virtually every approach to the species delimitation problem, 
including phylogenetic perspectives. The answer to this question will be easy, and absurdly 
unnecessary, if dealing with distant lineages that share a relatively far common ancesto~2 • but 
sister species or hybridizing taxa often lack clear boundaries and are permeable and fuzzy in 
complex ways. 
For example, groups such as female Chihuahuas and a male English Mastiffs will appear 
as distant constellations of points along a hypothetical morphometric space. An extraterrestrial 
systematist, devoid of additional evidence but a handful of museum skulls from Chihuahuas and 
Mastiffs, most probably will be driven to consider these two groups as distinct species sharing a 
common recent ancestor. His conclusions will be robustly based on the observed pattern and 
relative distances of morphological variation23. Additionally, there are also sound consequences 
in prezygotic and postzygotic isolation mechanisms that may grant both the Chihuahas and the 
English Mastiffs with good reasons to be considered different species or independently 
22 Goloboff (2006) discusses this problem in the context of continuous characters, and the 
inadequacy of such when coding homologous features across highly distant species. 
23 There are many examples of this kind, that I can think of, in the recent literature concerning small 
mammals, where the morphometric distances used as evidence for distinct species are nowhere near the 
range of those expected between Chihuahas and English Mastiffs (e. g. Anderson and Jarrfn, 2002; 
Pacheco et al. 2004; Muchhala et al. 2005; Mantilla and Baker, 2006). 
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evolutionary lineages (Shaw, 2002); yet, and at the same time, within the genus Canis there can 
be well recognizable species forming multispecies or syngameons (Cuenot, 1951; Van Valen, 
1976). Thus, most fruitful inquiries about the nature of species are within the framework of sister 
species, but there is little insight for the problem of species in the context of non-sister species 
(Mayden, 2002). 
Our systems of communication come mostly in the form of particulate symbolic structures 
that represent objects and concepts. For example, language is, by its very nature, limited and 
imperfect, and the treatment of the species problem is not exempt from this cognitive limitation 
(Hey, 2001b). Leaving aside any intentions to explore the vast depths of human language and 
cognition theories; we must recognize, however, that the basic principles of these fields of 
knowledge have key relevance to our understanding of the species concept. To know how we 
perceive the natural world and explain to others and ourselves the properties of natural 
phenomena is a necessary prerequisite to appreciate the complexities of categorization and 
classification. 
Although the topics related to human perception, thought, mind and language require a 
level of expertise I do not currently enjoy; I can say at least, with some degree of confidence, that 
much of our predicament with the species concept is intrinsically related to our mental processes, 
and the mechanisms used to express such processes. Accordingly to the theory of representation 
systems (Bickerton, 1990), the real world is mapped into concepts or ideas, which in turn are 
reflected into language. Therefore, natural phenomena or entities of such large complexity as 
species become easily blurred along the process of cognition and speech (Deacon, 1997). 
Perhaps nothing summarizes so well the cognitive problem of the species dilemma as the 
argument by Sam Harris on the way in which we perceive it all: 
"The world that you see and hear is nothing more than a modification of your consciousness, the 
physical status of which remains a mystery. Your nervous system sections the undifferentiated buzz of the 
universe into separate channels of sight, sound, smell, taste and touch ... This is not to say that sensory 
experience offers us no indication of reality at large; it is merely that, as a matter of experience, nothing 
arises in consciousness that has not been first structured, edited, or amplified by the nervous system ... For 
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every neuron that receives its input from the outside world, there are ten to a hundred others that do not. 
The brain is therefore talking mostly to itself." 
(Harris, 2004, p. 41-42). 
Fully aware of the details on species nature and evolution, how would it be possible to 
find a single species concept? This is indeed not possible, at least not in a single phrase or 
paragraph, without assuming the risk of losing meaning along the process; hence, the plethora of 
pages published in the topic of species concepts. Now that we have briefly skimmed over the 
limitations of cognition and language, let's turn again to Darwin for enlightenment on the issue of 
the human perception of species. 
Darwin ([1859], 1964) was never inclined to suggest that species should represent 
discrete classes having sharp limits or well established boundaries24. In his seminal book, Darwin 
repeatedly asserts his opinion about the nature of the class species as a subjective categorical 
tool for grouping individuals according to their morphological similarity: 
"From these remarks it will be seen that /look at the term species, as one arbitrarily given for the 
sake of convenience to a set of individuals closely resembling each other, and that it does not essentially 
differ from the term variety, which is given to less distinct and more fluctuating forms. The term variety, 
again, in comparison with mere individual differences, is also applied arbitrarily, and for mere convenience 
sake." 
Darwin ([1859], 1964) 
When considering the meaning of species and varieties, Darwin intrinsically addressed 
the metaphysical problem of classes, natural kinds and individuals. In his book, "The Origin of 
Species", Darwin suggested that species where natural kinds or classes constructed in our minds 
to explain the recurrence of resemblance or similarity among organisms (i.e. the tendecy towards 
statistical normality, see Section 1.2.5), and thus convey only arbitrary or approximate estimates 
of real evolutionary entities. However, and at the same time, Darwin inherently recognized that 
species where indeed natural entities (i.e. individuals), subject to commensurable phenomena 
24 By contrast, Alfred Russell Wallace had a more substantial concept of species, being the first to 
suggest reproductive isolation as a defining process (Mallet, 2004). 
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such as natural selection and descent with modification, and having a detectable effect on other 
aspects of nature. It is in this dialectic that we find hints towards the causes of the species 
perception problem and the ontology of species. 
Darwin, based on observable differences among living and past organisms, lay down the 
theoretical foundations for explaining the process giving place to the origin of species; and at the 
same time, intrinsically establishing the fundamental reason why the species concept has proven 
to be such a difficult issue during the last two centuries: biological lineages, as a whole, constitute 
aggregations of individualities occupying a coherent segment of space and time along 
phylogenetic patterns of change. These patterns oscillate between discreteness and fuzziness 
depending on a variety of biological and ecological factors, and their diagnosis is highly 
influenced by the particular perspectives from which they are studied. Such complex entities as 
species cannot be described by means of narrow and exclusive criteria based on limited sets of 
observable properties in sample groups of living organisms. For example, the popular and 
appealing Biological Species Concept (BSC) is hardly applied to asexual species, or allopatric 
sister species, being only effective in the description of a trivial amount of Earth's biodiversity 
(Wiley, 2002; Mayden, 2002). Similar challenges can be found for almost any other available 
species concept. However, these various criteria for the delimitation and diagnosis of species are 
just approximations to reality, perhaps the best and only tools available to our limited senses and 
perceptions. 
Additionally, one must consider several levels of intricacy in the species problem that can 
be briefly listed as the following (Taylor et al., 2000): 1) Unique phenotype: the sheer number and 
variations of life forms provides a large quantity of possible autapomorphic expressions; and thus, 
a large number epistemological approaches to the species problem 2) Lineage sorting and 
phylogenetic nature: Evolving gene lineages are nothing more than continuum transformation 
series of genetic differentiation patterns through time, such continuity of change precludes a 
straight forward discrimination of species. 3) Balancing selection: loci subject to this kind of 
homogenizing process will further confound discriminatory traits that could favor the species 
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hypothesis. 4) Combinatorial and stochastic properties: moreover, the potential role of 
combinatorial properties such as recombination, hybridization and introgression, horizontal gene 
transfer, and other possible stochastic and probabilistic factors in the particulaf25 nature of 
species, precludes any unifying concept for the wide range of probable occurrences and modes 
of manifestation in linage evolution for groups of living organisms. 
The word "species" is just a term applied to a degree of distinction under the Darwinian 
perspective (Hey, 2001a), but it is also an entity responsive to natural causes and reactive over 
other phenomena. Species, therefore, seem to have a twofold essence, being both and entity and 
a grade of distinction, especially in those cases where we use taxonomical classification 
methods. This dual essence is perhaps more apparent than real, and only reflects our tendency 
for categorical reasoning. Biologists, for example, often approach the study of species boundaries 
and biodiversity from a dualistic point of view. This is evident in the avid pursuit for discrete 
character states in species descriptions (e.g. Davis, 1980; Cuartas-Calle et al., 2001; Munoz et 
al., 2004; Pacheco et al., 2004; McCarthy et al., 2006), a schizophrenic behavior of some of those 
who study evolutionary theory and its consequences (i.e. gradualism); or in its defect, a heavy 
assumption on the presence of discrete boundaries among species by failing to demonstrate the 
validity of the alleged discrete characters states (Jarrfn-V. and Kunz 2008; Jarrfn-V. et al., 201 0). 
From a different but complementary perspective, the search for characteristics that are unique 
and shared by all members of a species, as an explanation to the existence of such species, is 
consequential to an essentialist perspective and the search for "constituent definitions" (Sober, 
1980). Hey (2001 b) elaborates on this perspective, concluding that while biologists embrace 
evolution as the theoretical foundation of their work, they usually tend to look at species as 
categorical entities, having sharp limits and definable boundaries, more in the fashion of Linnaeus 
categorical and fixated approach to biodiversity, rather than under the Darwinian perspective of 
25 I refer to the term "particular" in this case to the property of being formed by individual particles 
called organisms 
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species and other classes or categories. The argument raised by Hey (2001 b) is also the paradox 
highlighted by Mayden (2002). 
Since species are finite aggregations of individuals, it is quite reasonable to assume there 
is some finitely statable condition attributable to all and only those individuals belonging to that 
particular species, and which satisfy such condition. The existence of such supposed condition 
appeals as a perfectly logical assumption (despite Hull [1986]), and provides us with a reasonable 
justification to search for explanations about the existence of either hidden or manifest structures 
merging individuals into natural kinds, which is the essentialist perspective of species. This 
perspective survives these days in our need for boundaries and classification schemes. In this 
sense, a typological approximation to species is perhaps justified, especially in terms of simplicity 
and functionality. Sometimes we may be forced to understand species through the typologists 
eyes, by establishing types and paratypes, diagnostic character states, dichotomous keys and so 
forth. Furthermore, the current rules of taxonomic nomenclature advocate in favor of the type 
concept in despise of natural variation, favoring the perspective of species as classes or natural 
kinds (Mayden, 2002)26. However, as we should remember, the members (instances) of the class 
or natural kind species are each and every species (Ghiselin, 2002). The question is, however, if 
the essentialist explanation and its constituent definitions remain valid under the perspective of 
evolutionary population thinking, and in consequence are in full concordance with our 
understanding of reality per se. 
Contrary to some common beliefs, essentialism does not hold as one of its central tenets 
the stasis of essences. Aristotle was fully aware of the large variation of biological entities (e.g. 
fist citation at the Prologue); and despite his awareness, he was perhaps the main founder of 
typological paradigms through his proposition of the "natural state modef' (McLaughlin, 1998). 
This shows that essentialism is not opposed to the existence of vague essences. Essentialism 
rather argues for some kind of explanatory unifying principle for natural entities. The solution to 
26 This is in reference to species as individuals and not the natural kind species as the group of all 
possible independent evolutionary individuals or entities known also as species. 
42 
the apparent conflict between the impossibility of typological nature in species and apparently 
reasonably valid arguments in its favor, rests on one of the central tenets of the Evolutionary 
theory, which opposes typological paradigms from its gradualist perspective of species 
boundaries. The fact that species evolve gradually (i.e. are lineages), and are multi-organismal 
entities, results in fuzzy or vague limits for characters among species (Mayden, 2002); and 
hence, characteristics common and exclusive to members of a given species are no longer 
tenable (Sober, 1980). Attempts to establish boundaries, where there are in fact none, are 
appropriately embodied by the Sorites argument in classical philosophy (Cargile, 1969). The 
problem, in one of its conventional examples, asks for the number of grains of wheat that are 
necessary for becoming a heap. Other arguments are possible, as for example the number of 
hairs in the interfemoral membrane of a bat to become "hairy" (Jarrin-V. and Kunz, 2008), this 
being a diagnostic character state used in many formal descriptions of species (e.g. Molinari, 
1994; Mantilla-Meluk and Baker, 2006). Thus, this line of reasoning obviously derivates in a 
paradox, and is often attributed to the vagueness of language (Tye, 1994). This problem is 
something Hey (2001 b) laboriously explained in his book, although with no explicit reference to 
the Sorites paradox. Finally, it seems that the rules of nomenclature in taxonomy are only good 
for natural kinds, but inefficient for ontological individuals and species, as they are malleable, 
permeable and ever-changing lineages of evolving individuals (Mayden, 2002). I must highlight, 
however, that the fact that species are fuzzy does not implies the lack of independence in terms 
of their existence as individualized evolutionary lineages. 
Vagueness is a rather complex philosophical subject (Machina and Deutsch, 2002; 
Williamson, 2002). But vagueness, either of language or of nature in the boundaries of species, 
could be properly approached through the use of mathematically accurate approximations to the 
analysis of probabilities (Savage, [1954] 1972). The gradualist paradigm in evolutionary theory 
generally implies vague limits among species (and not only "vague" from a linguistics point of 
view), a property that should be studied in full concordance with statistical perspectives (Mayr, 
1976b, p. 27). In any case, a point could be made in favor of essentialism if we consider species 
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as having essential properties such as their intrinsic tendency toward variation and propensity to 
aggregate into coherent statistical distributions with a central tendency and accompanying 
indexes of dispersion or variation. 27 When I refer to characters, I do it from a generalized 
perspective, considering any kind of conceivable objects or manifestations that are measurable. 
In conclusion, not everything is black or white, but there might be room for all philosophical 
perspectives; or, metaphorically speaking, shades of gray in the nature of species. 
Given the apparently insurmountable problem of the species concept (mostly due to our 
poor understanding of the real problem), and the profusion of perspectives on this particular 
subject, some authors have been inclined to think of species as being abstract constructs of the 
mind rather than some concrete natural entity (Stebbins, 1969; Levin, 1979; Endler, 1989; Hull, 
1997); and, therefore, withdrawing from the term species any particular real meaning. These 
authors may be partially correct; as there are numerous examples of species as abstract 
conceptions, and a product of our particular perceptions upon nature. Notwithstanding, if species 
are subject to natural processes and manifest their effects on other natural processes (e.g. 
interspecific competition); then, they should have real properties, where these properties should 
be commensurable, at least in partial terms. We should then proceed to explain a reliable 
approach to the perception of species, one which can help us understand the problems of 
species boundaries and is framed within the paradigms of scientific inquiry. 
As a practice of human inquiry, and as a system of knowledge, science holds a few 
essential tenets as its core of principles. One of the pillars of formal science is the assumption on 
the existence of a "hard" reality that is independent from human thought (Cohen, 1985). Thus, to 
metaphorically extract the ore of scientific knowledge from the obscure minerals of sensible 
reality, we must necessarily make use of our limited senses, through the activities of observation, 
measurement and comparison. We could then think of science as a tool that provides us with 
models about reality through the practice of pondering the universe that is sensible to us 
27 Perhaps the most important (and unique?) essential characteristic of species is their capacity to 
evolve. 
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(Deacon, 1997). Measurement, therefore, represents the fundamental epistemological basis of 
the species inquiry. If species are to be real entities, we could then measure them (i.e. diagnose 
them sensu Mayden [2002)), but always keeping in mind that life is not fixed (de MeeOs et al., 
2003), or that the nature of species is that of evolving spatiotemporally indepedent lineages of 
changing combinations of PDFs. Hence, the principles of Darwinian evolution (e.g. lineages, 
descent, stasis, anagenesis, heritable attributes) are not tenable if we insist on regarding species 
as classes or natural kinds instead of entities or individuals. In order to perceive species we look 
for discontinuities, temporarily fixed characters, autapomorphies, indicatives and consequences 
of the presence of coherent cohesive evolutionary lineages; this is spatiotemporally bounded 
aggregations of genes with a unique historical fate28 (Adams, 2001 ). 
In other words, species, as lineages to be discovered, are void of definitions but can be 
diagnosed retrospectively (Frost and Kluge, 1994) in terms of heritable attributes supporting the 
hypothesis of lineage independence (Mayden, 2002). Whatever kind of evidence we measure, it 
will often represent a small segment of the species lineage, no more and no less than a snapshot 
of evolutionary history. This is the same meaning for "segments of population level evolutionary 
lineages" which have been explicitly or implicitly engraved in all epistemological species concepts 
(de Queiroz, 1998). Hence, our need for discreteness is manifest in most operational species 
concepts, all based on this same fundamental criterion. However, to state that the criterion on 
discreteness accurately reflects the true nature of species is an argument worthy of debate. No 
operational principle for the recognition of species has a universally robust and coherent method 
for establishing limits among entities where the usual trend effectively is for no limits (Sites and 
Marshall, 2004). Finally, how we perceive species can be summarized by the words of Mayden 
regarding the impossibility for establishing boundaries; yet, the need for lineage independence in 
the process of species discovery: 
28 To say that species, as lineages, have a uniquely established "historical fate" is to assume that 
species will remain independent through time; but most importantly, that an infallible delimitation of species 
includes knowledge about the future fate of lineages (Adams, 2001). 
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"Practitioners of science requiring particular definitions or a degree of differentiation for particular 
qualities (outlined in various species concepts) be met before a species is considered valid view and will 
treat biological species as immutable Classes or Natural Kinds, a metaphysical worldview held prior to the 
Darwinian revolution." 
(Mayden, 2002, 181) 
1.2.5. The normality of species 
The properties of species are often expressed as aggregations around a center of gravity 
(sensu Quetelet, 1835). This results in probability functions explaining the nature of species 
relative to the variation in character states. What is the reason for the many properties of nature 
to be expressed as frequency distributions in the approximate shape of a Gaussian bell? In 
evolutionary biology, this property in the distribution of samples, and therefore of species as 
ensembles of samples, has to do with the often polygenic nature of many morphological traits (i.e. 
numerous additive effects of small magnitude, often known as the infinitesimal model) and the 
"smoothing" do to environmental effects and plasticity (Pearson and Lee, 1903; Blakeslee, 1914; 
Fisher, 1918; Turelli and Barton, 1994), the effect of many alleles of small effect (polygenic traits), 
the timing of growth of features instrinsically integrated at various hierarchical levels along 
ontogeny (Gonzales-Jose et al., 2008a), the mathematical principles of the Law of Large 
Numbers and the Central Limit Theorem (Eckhard et al., 2001); and perhaps, an inherent 
property of natural entities, especially under an evolutionary paradigm, where "prototypical 
normality "normally" implies statistical normality" (Schurz, 2001 ). This last philosophical claim, 
however, has been contested on similar grounds by Wachbroit (1994), although from the 
perspective of normality vs. abnormality (Amundson, 2000), and thus may not be relevant to the 
problem of normality as a theoretical statistical distribution. 
Normality is perhaps a universal statistical property of species, as it is also real and 
inherent to the nature of every species (Galton, 1879; 1889); thus, conforming to an essentialist 
view of species, at least from this particular point of view. There is an interesting link between the 
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previously discussed ideas on essentialism (pp. 8, 21, 29-31, 40, 40-42) and the present claim 
about the prototypical normality of evolutionary entities. Species may not have the kind of 
essences we hope for them in terms of classification, but they seem to have an inherent universal 
property in their spatia-temporal cohesiveness that is expressed in specific mathematical and 
statistical terms of variation. 
An appealing argument, relative to the validity of essentialism in the ontology of species, 
is the fact that Mendelian panmictic populations will conform to an essentialist's perspective 
under the constant of Hardy-Winberg equilibrium. This law can be regarded as an essential 
property of populations (but perhaps not necessarily species), under certain ceteris paribus 
conditions in the absence of the effects of evolution (Sober, 1980), or in other words, when 
species are not evolutionary lineages, and therefore are not really species. 
1.2.6. Characters as frequency distributions and species as lineages 
"A character is thus a theory, a theory that two attributes which appear different in some way are 
nonetheless the same (homologous). As such, a character is not empirically observable, and the hope of 
pheneticists to reduce taxonomy to mere empirical observation seems futile". 
Nelson and Platnick (1981, 301) 
" ... only frequency distributions can be cladistic character states and, conversely all cladistic 
character states are frequency distributions." 
Thiele (1993, 282) 
Science is a process of human thought that through the course of time has been 
influenced by major revolutionary paradigms and frameworks of knowledge (Cohen, 1985). 
Throughout this punctuated process of major transformations imbued in "paradigm-based normal 
science", scientists have been and continue to be deeply influenced by the intellectual 
environment or "disciplinary matrix" present during their lifetimes (Kuhn, 1996). These social 
dynamics of science proposed by Kuhn may find a reflection in contemporary biology and how we 
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understand species under the influence of the mainstream disciplines of phylogenetics and 
cladistics. 
Most methods dealing with the study and practice of phylogenetics rely on matrices 
composed mainly of discrete rather than quantitative data (Goloboff et al., 2006). In this sense, 
the premises of phylogenetic systematics and its dependence on discrete data has imposed a 
restriction on quantitative evolutionary procedures (Farris et al., 1970). That is, characters are 
usually manipulated as alphanumeric qualitative values; representing, for example, the discrete 
states in alleles or base pairs. Nonetheless, at the phenotypic level, it has been customary to 
arbitrarily describe in qualitative terms the modes of expression of certain character states, 
without previously determining if their properties are truly suitable for such kind of description. 
Moreover, many character states that are defined in qualitative fashion, because of their 
superficially discrete appearance, and due to the limitations and inadequate use of language, and 
the abuse of semantic disjunctive terms, happen to be truly continuous in nature (Chappill, 1989; 
Stevens, 1991). 
In phylogenetic inference, the use of continuous data may be termed "a radical idea" 
(Goloboff et al., 2006), but may also be an unavoidable necessity within the canons of scientific 
realism as is expressed along the following statement by Wiens (2001 ): 
"Many, if not most, morphological characters describe variation in quantitative traits (e.g., 
differences in size, shape, or counts of serially homologous structures), regardless of whether systematists 
choose to code them quantitatively or qualitatively (Stevens, 1991; Thiele, 1993). Given this, three 
fundamental problems of character analysis (character state definition, delimitation, and ordering) potentially 
can be solved by simply coding these quantitative traits as continuous, quantitative variables." 
(Wiens, 2001, 689) 
To sum up, characters could be either discrete or continuous in nature, but they could be 
described in either qualitative or quantitative modes. The description of characters depends 
mostly in the use and context of the study; however, for the sake of accuracy and methodological 
robustness, one will expect that, for in most cases, the diagnosis of a character will honor its true 
mathematical nature, being this either discrete or continuous. 
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The predominance of the phylogenetic paradigm29 certainly exerts some influence in our 
biased perception on the nature of characters and character states as mostly discrete, rather than 
being, by a large margin, of continuous nature. As I explain in more detail down the ensuing 
paragraphs, even if individual changes in molecular base pairs express in the fashion of discrete 
units of variation, the overall expression at the population level for such kind of characters must 
be appropriately seen as an uninterrupted change in base pair frequencies within and among 
populations; in other words, change of a continuous nature (p. 30). 
The equivalent, but opposite, may be true for characters inherently continuous in nature, 
but that may appear as discrete when comparisons are made over false fixed states or limited 
sample sizes. Paradoxically, it is the very same phylogenetic principle that provides the basis for 
understanding species as entities rather than classes, but also forces the species concept to lose 
any possible discrete properties by the mere fact that lineages include a time dimension and thus 
are composed of many individual units of historical nature. Entities described as evolutionary 
lineages lose their discreteness along the dimension of time (Tatersal, 1992). This is true indeed 
for any kind of epistemological approach to the species delimitation problem, whether we 
consider molecular, morphological, behavioral or ecological characters. 
Most phylogenetic hypotheses are constructed strictly on the variation expressed by 
qualitative interpretations of character states, where terminal taxa are usually described as 
combinations of both synapomorphic and autapomorphic discrete character states (see pp. 29-34 
for the fundamental caveats of definitions). Given this procedural constraint, so common and 
widespread in phylogenetic practice, we could argue that the inbuilt qualitative representations of 
taxa in phylogenetic hypotheses influence our conscious interpretation of the species concept 
with universal qualities that do not necessarily represent the phenomenon of a true species. 
However, and despite the inherent limitation of qualitative expressions in phylogenetic constructs, 
recent progress in the mathematical principles for incorporating more appropriate representations 
29 Whose methods were born and developed in the background of qualitatively described 
characters and discrete data. 
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of characters states as continuous expressions of data into phylogenetic algorithms, promise to 
provide alternative perspectives of species boundaries and the species concept (e.g. Bookstein, 
2000, 2002; Schols et al., 2004, Goloboff et al., 2006; Maddison and Maddison, 2006). 
The phylogenetic species concept is one of the most influential and widespread concept 
for the term "species"; however, it embodies several other concepts (de Quieroz, 1998), that 
could be classified in lineage-based and character-based approaches (Baum and Donoghue, 
1995). Both could be expressed through the following definitions: 
"A species is the least inclusive taxon recognized in a formal classification. As with all hierarchical 
levels of taxa in such a classification organisms are grouped into species because of evidence of 
monophyly. Taxa are ranked as species rather than at some higher level because they are the smallest 
monophyletic groups deemed worthy of formal recognition, because the amount of support for their 
monophyly and/or because of their importance as biological processes operating on the lineage in question." 
(Mishler and Theriot, 2000, 46-48) 
"We define species as the smallest aggregation of (sexual) populations or (asexual) lineages 
diagnosable by a unique combination of character states" 
(Wheeler and Platnick, 2000, 58) 
Note that although both definitions are deemed accurate for the phylogenetic species 
concept, they also differ in style and content. The first deals with the lineage properties of the 
phylogenetic concept for the species entity (ontology), whereas the second stresses the 
conditions necessary for such a lineage to be a recognizable entity (epistemology). However, it is 
undeniable that both versions of the PSC have at their heart the underlying principle of 
discreteness, of species being distinct and separated from others of distinct nature. Those who 
favor a phylogenetic approach to the species concept argue about the prerequisite for diagnostic 
characters to reach a fixed state in order to deem species as delimitable units (i.e. 
autapomorphies) (Eldredge and Cracraft, 1980; Nixon and Wheeler, 1990; Davis and Nixon, 
1992); and the same fixed property for characters states is required under the evolutionary 
species concept (Wiens and Servedio, 2000; Frost and Kluge, 1994). Yet, the problem with this 
perspective may be one in which the nature of character states as frequency distributions is 
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overlooked and everything is reduced to qualitative and subjective interpretations of variation. It is 
under these circumstances, Lande ( 1980) discusses the magnitude of continuous change that 
should be deemed as qualitative, concluding that the classification of species by such rationale 
necessarily entails an arbitrary decision. 
Furthermore, de Quieroz's (1998, 1999) characterization of the phylogenetic species 
concept into theoretical and operational definitions, opens an appropriate opportunity to discuss 
the dichotomy between process-based and discovery-based concepts in the context of the 
operationalism debate (Hull, 1968). It is important to remember that species as individuals can 
only be diagnosed but not defined (Ghiselin, 2002; Mayden, 2002). Thus, discovery-based 
approaches (i.e. character-based approaches), in their attempt to explain the course of action 
necessary to find particular species, can only be applied to individual species as classes or kinds, 
but not to species as real entities (Wiley, 2002). On the contrary, process-based concepts attempt 
to conceptualize universal properties in all species; hence, treating species as a natural kind and 
validly linking species as individuals to theories and laws. The process-based concept acts as a 
natural kind associating particular properties to theories and laws (Wiley, 2002) (pp. 4). However, 
to state that concepts are operational does not necessarily mean that they are testable. 
Operationalism is a particularly restricted concept from the philosophical standpoint. 
Operationalism implies that the meaning of any concept or scientific term is enclosed by the very 
nature of the experiments or procedures involved in the discovery of the entities explained by the 
concepts (Bridgman, 1927). For example, the concept "length of forearm" in many species of bats 
is defined solely by the methods used for their measurement. This necessarily implies that 
species concepts, deemed as operational, provide many faces to a single entity, and hence do 
not approach its discovery in appropriate fashion, leading in most cases to equivocal ontologies 
(Wiley, 2002). 
Overall, species descriptions over the past 1 00 years has largely relied on the 
assumption of fixed or non-overlapping character states among species, usually in disregard to 
the explicit or implicit criteria for the species concept that may have been embraced (Nixon and 
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Wheeler, 1990). However, and since the primeval quality of a lineage is to be a continuum of 
commensurable entities that maintain historical connections to other lineages, discrete characters 
must necessarily represent the exception to the rule rather than the common diagnosis for 
species. Discrete character states as diagnostic autapomorphies must be considered with great 
• 
care, otherwise risking incompatibility with the ontological property of the species entity in an 
environment saturated by continuous change (Willman and Meier, 2000). This does not 
necessarily implies that discrete characters are an impossibility, but rather that the theoretical 
approach for the clear-cut delimitation of species by means of qualitatively described fixed 
character states (i.e. frequency distributions) is systematically flawed, especially if this approach 
is not based on the premise of phylogenetic lineages. 
Characters, strictly from the perspective of cladistics, and being properties of populations 
or species (i. e. a group of observations), cannot be ascribed to single organisms. Alternatively, 
populations and species have to necessarily be diagnosed by means of the distribution of 
frequencies of the possible values expressed by the measured attributes of each individual. 
This is how Jardine (1969) and Thiele (1993) established that individuals could have a condition 
(e. g. red or blue) for a determinate attribute (e. g. coloration), and that populations or species are 
diagnosed by the distribution of frequencies (i. e. states of a character) of the various possible 
conditions belonging to such attributes. Thus, the state of a cladistic character is nothing more 
than a distribution of frequencies, and the cladistic character is the ensemble of all the possible 
states or distribution of frequencies (Thiele, 1993). 
For a species to be an evolutionary lineage of individuals, the combination of characters 
states describing this species will tend to change to alternative states through time. In other 
words, evolving species experience a shift in the parameters of their character state distributions, 
a change that can be mathematically expressed by estimates of magnitude, location and shape. 
This transformation of patterns must be usually gradual along time, and slide along its scale due 
to the continuous increase or decrease of particular frequencies in the attributes of the individuals 
belonging to a species or group. 
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In conclusion, we perceive real entities thanks to the nexus between our senses and the 
practice of observation, measurement and rational thought. Similarly, we perceive species 
through the quantification and distinction of their diagnosable characters expressed as 
autapomorphies; thus, to think of species is to consider unique and varying ensembles of 
frequency distributions that transverse time as individual lineages; and therefore, as the 
combination of probabilistic estimates about the multivariate space of measurable properties or 
character states (Fig. 2). From this particular perspective, species are better understood in terms 
of a probabilistic approach to reality rather than deterministic and subjective appreciations of 
natural variability. 
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Figure 2. Species as individuals through time and space 
According to some perspectives, species are entities that extend in time as evolutionary lineages. 
However, species can only be detected by the measurement of their properties at particular points along 
their lineages. Such properties need not be necessarily discrete, and are often fuzzy. The various properties 
of species allow for some notable scenarios like the presence of individuals that may not necessarily belong 
to any species (Baum, 1998). Space here, could be everything; for example, the mathematical 
conceptualization of gene frecuencies. 
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1.2. 7. Species as hypotheses and the role of falsificationism 
"The Darwinian doctrine of evolutionary gradualism makes it impossible to say exactly where one 
species ends and another begins" 
Sober (1980, 350) 
Along countless generations, the Waorani people from the Amazonian forests of Ecuador 
have amassed a vast and thorough body of knowledge regarding the use of hundreds of plant 
species that are critical to their survival (Cer6n and Montalvo, 1998). Despite their publicized 
"expertise" on nature, the Waorani recognize only two "species" of bats which, according to their 
particular worldview, can be differentiated by body size. Yet, this culture remains ignorant about 
other aspects of diversity (e. g. Rex et al., 2008); actually, about virtually all aspects of reality 
(Jarrrn-V., 2010). For one part, the Waorani are unaware of alternative concepts of species, those 
of biologists working with bats in the Amazonian jungles (e.g. Rex et al., 2008). Other worldviews 
are possible, but not necessarily accurate. The southern cowboys of the American continent, the 
Gauchos, differentiate among 200 different kinds of horses based on color, but only recognize 
four "species" of plants (Holsinger, 1984). There is necessarily a conflict between mind and reality 
for this and the former case. For certain purposes, the natural taxonomies of Waorani and 
Gauchos are indeed useful; yet, they depart greatly from the reality of evolutionary processes. 
A social scientist may argue that, despite species concepts of modern tropical biologists 
adjusting better to "real" phenomenology, it does not affect the competence of Wuaorani people 
to survive in the jungles, or the ability of Gauchos to thrive at the pampas30. The same could be 
true for some modern ecologists, behaviorists, or geneticists, working on a limited group of well 
defined species (hence not individuals but kinds). Satisfied with their own particular definition of 
species, these scientists can remain comfortably oblivious to the heated debates upon the 
30 This may not necessarily be true, since knowledge often provides better lites, as reflected by the 
short life-expectancy of the Waorani previous to their contact with global culture (Beckerman et al., 2009). 
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meaning of species that are contemplated by other group of scientists and philosophers (Cracraft, 
2000). 
The different perspectives of life and diversity among cultures and systems of knowledge 
are a reflection of the divergent historical requirements and limitations in the development of 
human populations, where most forms of knowledge come largely from necessity (Hunn, 1982). 
Thus, a modern scientific discussion about the true nature or essence of species is born from 
comparisons and contrasts, from the attempts to classify things into discrete entities being 
different from other such entities, in our efforts to understand the limits and extent of variation 
among populations and species. In the absence of comparative anatomy, taxonomy, 
phylogenetics, morphometries, ecology, behavioral studies and the resulting debate for a 
universal species concept, our understanding of biological variation and diversity would 
unquestionably have been much diminished. Given that the goal of the present thesis is to 
interpret species boundaries31 , it is therefore of value to invest a few paragraphs in discussing the 
conceptualization of species and its use in the framework of the present work. 
There could be as many species concepts as there are biological disciplines. Available 
summaries could be found in Zink (1997), Mayden (1997), Harrison (1998), Sluys and Hazevoet 
(1999) and Lherminer and Solignac (2000) and extended summaries refer to at least 22 species 
concepts (Mayden, 1997). Hence, species, from the standpoint of species concepts, seem to be 
in the eye of the beholder, or in the specific interest corresponding to those who study a particular 
aspect of biological variation. This approach, regrettably, is far from acknowledging species as 
real entities. Faced with an overabundance of concepts, some have suggested that species can 
only be evaluated in terms of a particular purpose (Templeton, 1989), yet losing their sense or 
meaning when treated out of context (i.e. species as universals). To others, the species concept 
should be as broad and generalized as possible (Wiley, 1978), in order to avoid bias in the 
perception of the evolutionary mechanisms giving rise to the species in question. This 
31 To contribute to the taxonomic, systematic and evolutionary knowledge of a limited number of 
species in closely related lineages (i.e. genera Stumira, Carol/ia and Anoura). 
56 
juxtaposition of ideas and lack of a definite argument for the species concept favors a non-realist 
advance over the scientific understanding of species as individuals. 
However, since we presuppose species have a real nature, it is therefore possible to find 
that, beyond all concepts for the word species, where each is based on a particular perspective, 
there is a fundamental element common to them all: that species are independent lineages, 
discrete and recognizable evolutionary entities, by themselves and among others, at least from a 
particular aspect of their biology. In other words, species could share an area in their character 
state distributions, but will still maintain unique and recognizable central tendency parameters 
despite their overlap. Species have an inherent cohesion of their own. Therefore, all species are 
consequence of a "natural governing process" (Mayden, 2002) known as speciation, outcome of 
an evolutionary process leading to independent lineages, which together may fall under a natural 
kind known as species. From this point of view, species (as a natural kind) forms a group 
composed by independent evolutionary lineages as its constitutive members (Wiley, 2002). 
In the context of morphology and closely related species, it may be true that there is 
currently no conceivable morphological system or convention by which two different evolutionary 
entities can accurately be categorized into species. Species could be entirely cryptic from 
morphological and behavioral perspectives, and yet maintain sound genetic distances (e.g. Roca 
et al., 2001; Hulva et al., 2004; Sanders et al., 2006)32• Notwithstanding, some have argued upon 
the "75% rule" of overlap as evidence for subspecific ranks (Simpson, 1961; Mayr, 1959). This 
rule requires that the distance between the mean phenotypes of two populations be at least two 
times the standard deviation (SD). In practice, however, species are often recognized qualitatively 
by discrete character states (perhaps not truly discrete but continuous), or quantitatively through 
continuous characters states whose means differ by at least 4 or 5 standard deviations (Lande, 
32 Although the same could be true for the opposite (Biouw and Hagen, 1990; Hughes and 
Eastwood, 2006; Kaila and Stahls, 2006; Cardini et al., 2007a). Even for diagnosing our own lineage, 
genetic information may not be the ultimate answer as suggested by alternative morphological evidence as 
Jeffrey Schwartz suggests in his elaborate and controversial argument (Schwartz, 2005), so far largely 
contested by the majority of anthropologists upon sound fossil and molecular information. 
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1980). A similar attempt has been made in the realm of the molecular, arguing for established 
genetic distances among mammalian species (Bradley and Baker, 2001 ). Bradley and Baker 
(2001) suggest that values along genetic distances can be categorized as: < 2% for intraspecific 
variation, 2% < x > 11% for con specific populations or valid species, and > 11% for clear 
boundaries among species. Later on, this claim was modified by including probabilistic arguments 
along the specified genetic distances (Baker and Bradley, 2006). The argument for genetic 
distances reinforces the aspects of subjectivity, because to say that our certainty about the 
existence of distinct evolutionary groups increases proportionally to the percentage of genetic 
distance, reflects only the continuous gamut by which species differ from each other and 
therefore the unavoidable inherent subjectivity in establishing a cut-off value. However, there is 
little insight in the differentiation of two entities which are as far away as 11 %, and the same may 
be true for considering something as a unique individual under 2%. Yet, we know that humans 
and chimps are two species below the 2% rule of Bradley and Baker (2001 ), and I would not be 
surprised if there are populations within one species showing distances above 11 %. This is just 
another facet of the same exhausted topic, of our longing for discrete patterns along an indivisible 
continuum of biological change. 
As Adams (2001) imaginative analogy explains, the delimitation of a species behaves 
similar to the Heisenberg Uncertainty Principle; where the most thorough theoretical concept of a 
species lacks utility in practical terms, whereas an operationally effective concept loses its 
theoretical robustness due to its necessary simplicity (sensu Hull, 1997). Thus, an adequate 
approach for studying biological variation, with its immediate processes and ultimate 
consequences, is to diagnose the species of interest as hypothetical entities, and delineate the 
methods in the framework of explicit hypothesis testing. The term, hypothetical, nevertheless, 
does not necessarily mean subjective; it is just a formal statement about the possible existence of 
commensurable phenomena; which for the case of species could be either true or false 
depending on the particular state of the probability distribution of attributes. 
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In conformance to Adams (2001) and the Heisenberg principle, Wheeler (2004) defined 
species as hypotheses on the distribution of attributes among populations of organisms -this is 
nothing more but the probability functions suggested by Dobzhansky (1935)-. Wheeler's 
argument, as that of other authors such as Sites and Crandall (1997), is partially based on the 
impossibility of accessing all individuals from a population to diagnose, in absolute terms, the 
extent and limits of variation in the group of interest. Thus, a limited sample is used from which 
hypothesis are derived and must be tested. As any hypothesis in the framework of science, 
species are generalizations from which future observations are predicted and open to test. Each 
new taxonomic revision or phylogenetic hypothesis is a test of the species hypothesis. Thus, 
predicted observations are tested and hypotheses corroborated or falsified in the language of 
probabilities. In phylogenetics, a species is corroborated when there is evidence for apomorphous 
character states. The more character states of this last kind, the stronger the assumption for a 
species as a monophyletic group (Farris et al., 1970). 
An adequate conceptualization of the species "entity" (sensu Hey et al., 2003) should be 
through the study of character variation from mathematical or statistical perspectives. Species 
should be regarded as combinations of multivariate probability distributions, sharing in most 
cases particular regions of the multivariate space generated by the distribution of their characters. 
From this perspective, our understanding of species should be probabilistic rather than 
deterministic, no matter what particular tool we use for the task of species discovery. 
1.2.8. Formal species descriptions and systems of classification 
"Essentialism lost its grip when populations came to be thought of as real." 
Sober (1980, 381) 
Due to the formalisms and conventions imposed by decades of a particular style in 
taxonomic practice, and the regulations of the international associations and codes (e. g. 
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International Code of Zoological Nomenclature), a species description, usually published in peer-
reviewed journals, is considered as the essential corroboration of a species hypothesis. The 
boundaries established for a particular species are usually based on this kind of taxonomic 
accounts, which follow a particularly model of description, where the species hypothesis is 
nominally recognized as valid or correct, and most of the time accepted, broadcasted and 
reproduced without major questionings by the scientific community33- 34. However, methodological 
inconsistencies in the delineation of species boundaries35 could often result in imperfect 
taxonomical hypotheses (Dayrat, 2005, Jarrfn-V. and Kunz, 2008). These poorly constructed 
hypotheses increase the degree of entropy in the taxonomic knowledge of biological groups, blur 
the real properties of biological boundaries among species, and affect our understanding of 
biodiversity and evolutionary mechanisms. 
A tendency towards typological thinking, in the fashion of Linnaeus's categorical system, 
imbues the great number of taxonomical descriptions, the large majority of which rely on 
morphological information. For the description of bats, it is customary to rely on portrayals of a 
particular dental shape, color of hair, presence or absence of a rostral character and number of 
vibrissae (Jarrfn and Kunz, 2008). These accounts fall into the purely qualitative and therefore 
subjective narrative of morphological types and essences, which often reach extreme levels of 
subjectivness at establishing boundaries for continuous characters (Jarrin-V. et al., 2010). Many 
published descriptions reflect the widespread tendency to think of species as blocks of invariable 
and fixate properties. This is perhaps a reflection of our mental structure (Hey, 2001a); or 
possibly, a bad habit inherited since the early days of Linnean typological thinking. 
For an illustrative purpose to the typological bias in systematics and taxonomy, I would 
like to bring up a few comments made by the editorial reviewers or anonymous referees who 
33 My conclusion in this case is mostly due to experience in the field of mammalogy. Yet, I am sure 
that, relative to the size and conspicuousness of this group of animals, the problems I discuss in this section 
are more acute in other groups of smaller vertebrates, not to mention other organisms. 
34 For further evidence on this argument please refer to the results section. 
35 Usually containing little information and pondering of intra- and interspecific character variation. 
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commented on published versions of some chapters or sections in this monograph (e.g. Jarrin-V. 
etal., 2010 and Jarrin and Kunz, 2011)36. 
For the ideas expressed in Chapter 4, about the quantification of morphological 
boundaries among species, one reviewer argued the following: 
"For past experience, the morphological discrete characters, mentioned in this study (i.e. Gardner, 
2008; Pine, 1972), work in most of the cases to discriminate among species. Neverlheless, in the last four 
years the diversity of Carollia has increased substantially, so the inconsistency in the pattern of these 
characters found by the authors could be due to presence of cryptic species or misidentifications." 
Aside from the referee's self-confident tone, this is an unfortunate argument, plagued by 
typological thinking and with profound illogical inconsistencies. Contrary to what the reviewer 
implies, species and diversity are not consequence of a particular process of thought. Species 
and diversity are consequence of an evolutionary process, which is independent from the mind, 
and this diversity has been in existence previous to the "fast four years" of research. How 
character states distribute in morphospace is completely independent from the amount of work or 
the particular process of thought that a group of systematists apply to the problem of species 
boundaries. Diversity is not a function of taxonomic or systematic practice, and the inconsistency 
in the pattern shown by character states is totally independent from what we understand about 
the reality of species. Hence, the "inconsistency in the pattern of these characters" described in 
Section 4.1. reflect a reality and not a process of thought as the reviewer suggests. The problem 
is very simple, there could be ten or two species, but the morphological evidence presented in 
Shapter 4.1 (published in Jarrin et al., 2010) suggests there is no reason to believe that the 
purportedly discrete morphological characters work for establishing boundaries among species. 
Other reviewer, troubled by the evidence showing fuzzy morphological boundaries among 
species, compared my study against previous ones and argued as follows: 
36 I am necessarily referring here to experts (or at least supposed to be such) in the area of 
mammalogy and systematics. I think similar flaws afflict other disciplines related to the classification of living 
organisms and the discovery of the properties that constitute species. 
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" ... and those earlier studies showed greater resolution among species than is apparent in this 
study. This is not a convincing argument for using geometrical morphometries." 
This positivistic reviewer craves for sharp boundaries among species. He or she seems 
to imply those studies showing better "resolution" or gaps in distribution among putative 
taxonomic groups are superior to those which show no boundaries at all. There is an unfortunate 
irony in this argument. Despite the personal feelings of reviewers or typological systematists, a 
study cannot possibly be less worthy if it shows evidence for lack of boundaries among species. 
To the contrary, it is responsibility of the practitioner of science to show and interpret the inherent 
nature of data and to discover the real properties of species. Thus, if the data says there are no 
boundaries, we must humbly acknowledge such fact and abandon subjective verbal appreciations 
of "bloom, shadow and blush" (Jarrin-V. and Kunz, 2008). Given the hypothetical case where 
previous studies were wrongly finding boundaries where there are effectively none; would it be 
positive, as a further step in our understanding of reality, the clarification of an erroneous 
perspective through a careful and detailed study of shape by using methods appropriate in both 
the mathematical and conceptual sense (i.e. geometric morphometries)? Finally, anyone with a 
deep understanding of population thinking will know that it is only through the tools of statistical 
inference that we can accurately measure the properties of species. Very few will dissent with 
one of the fathers of the modern synthesis who suggested that: "All organisms and organic 
phenomena are composed of unique features and can be described collectively only in statistical 
terms" (Mayr, 1959, p. 2). 
Many extant systematists appear to long for the old Linnean days, as the following 
argument exemplifies: 
" ... Moreover, the statistical results are never adequately translated back to the organism. What do 
the components, axes, warps, etc., tell us about how these three species have diverged morphologically?" 
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This is also an unfortunate thread of reasoning. Because it is only through the use of 
quantification and statistics that one can make accurate statements of uncertainty. Statistics and 
quantification helps to avoid subjectivity and personal appreciations of species boundaries and let 
the data tell us what is actually happening between species. Species are complex entities and 
their variation cannot be let alone to the digressions of the qualitative mind. Species are not 
"organisms"; instead, they are multifaceted entities formed by numerous parts (i.e. organisms), 
and one appropriate approach to their study is through the use of statistics and measurement. 
Thus, biological variation must be interpreted within the full framework of population thinking. 
Multivariate axes are perhaps the best and only available tools to understand complex variation at 
a low dimensional level. With multivariate vectors we can discover patterns that are not easily 
discernable by using multiple variables. Species should not depend on just words as many 
colleagues may wish. On the contrary, species must be interpreted through the useful and 
powerful tools of statistical inference. Hence, statistics and multivariate vectors are an adequate 
tool to explain species. 
For the ideas expressed in Section 5.1, about the discovery of a new species of bat, one 
reviewer commented the following: 
"One of the main conceptual problems of your ms is that you intend to describe a species 
objectively, using reproducible statistical methodologies but at the same time use traditional taxonomic 
practises to identify your specimens." 
It is, up to a certain point, amusing how the rationale behind this critique serves only to 
support the fact that traditional morphology is, at its very core, subjective. Prejudice has little 
room in science, and the discovery of new species has to be as precise as our own limitations 
allow so, yet such precission has to be always stated by means of a measurement of error, in 
other words by the estimation of the probability of a wrong conclusion. But yet again, traditions 
are hard to change: 
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"I fully understand your point. However, you can not criticize a species delimitation without testing it 
formally (I mean including traditional morphology analysis to show that external characters do not 
discriminate)." 
There is no realistic approach by which one can test a hypothesis through words and 
subjective appreciations of variation. The mistake of "traditional morphology" (i.e. purely verbal 
and qualitative accounts of variation) is that there is no other proof being shown other than the 
author's own judgment and word. There are no replicable conditions, no statistical and 
quantitative evidence, no measurement of uncertainty, no science. Since science is not based on 
arguments from authority, I rather prefer to rely on hypothesis testing, falsificationism (in the spirit 
of Karl Popper) and quantitative measurements of uncertainty (i.e. statistics). I believe 
systematics is a science and not a practice based on worth and authority. I also believe species 
have to be regarded, epistemologically speaking, as hypotheses about the distribution of 
character states. Hence, the likelihood of these hypotheses can only be tested through the prism 
of statistics and quantification. When one avoids using "traditional morphology", it is not that one 
fails to present evidence supporting a new species, it is only that one refuses to use an approach 
which fails to present evidence. Finally, one more quote from one more colleague: 
"First the authors need to "describe" this new taxa and compare it with other sympatric and closely 
related species of Stumira. Even if the authors stated that the there is no morphological distinction they 
should include a description of at least external, dental, and cranial characters." 
It may sound feasible and reasonable to describe a thing, like a species. However the 
concept of description is one profoundly associated to the discussion of existence, indvidiuality 
and the change of entities trhough time. The fact is that, people tend to indistictively use the 
terms description and definition, but in strictly philosophical and scientific grounds, one cannot 
define an ontological individual (Section 1.2.3, pp. 29, 34). Moreover, the kind of qualitative 
description requested and practiced by many systematists requires falling into the trap of 
subjectivity, typological thinking and essential nominalism. One should try, by all means, to 
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maintain the necessary rigor and thoroughness in order to test the species hypothesis. We do not 
make any real contribution by saying things like "grayish hair" or "hairy forearm". Much more 
difficult is to describe, in purely rhetorical and verbal fashion, the complex shape of molars. We 
are not capable of saying, by eye alone, that a particular cuspid or crown is larger, higher or 
rounder in one species relative to another. The study of variation in dental pieces, and all 
biological shape, requires a rigorous mathematical approach. Species are not permanent types 
with essences that can be described by words alone; they are composed of many units (i.e. 
Mayr's population thinking paradigm), and require therefore a quantifiable assessment of 
variation and uncertainty (p. 70). 
Many of the comments from referees that reviewed published or submitted versions of 
several chapters in this monograph (e.g. Jarrin-V. and Kunz, 2008; Jarrin-V. et al., 2010; Jarrin-
V. and Kunz, 2011) are prime examples of how typological thinking permeates the minds of 
confused systematists who such poor service do to reality. The problems addressed in this 
monograph are not therefore reminiscences of lost battles, but a current and urgent topic that 
needs to be confronted. 
There is ample evidence on a wide range of organisms that advise for a careful 
assessment of character variation before a new species description is published (Tattersal, 1992; 
Grube and Kroken, 2000, Bond et al., 2001; Hedin and Wood, 2002; Paquin and Hedin, 2004). 
However, and considering the overlapping and continuous nature of most morphological 
characters (Jarrin-V. and Kunz, 2008), many recent additions to the taxonomical record of bats 
are deficient and probably erroneous (e. g. Davis, 1980; Contreras Vega and Cadena, 2000, 
Mur"'oz et al., 2004, Pacheco et al., 2004, Sanchez-Hernandez et al., 2005). A larger number of 
this kind of defective description is certainly present for other kind of organisms (Gibson, 1990; 
Wiens and Penkrot, 2002; Paquin and Hedin, 2004; Mutanen, 2005). Many of these descriptions 
incur in a typological approach to the description of taxa, despite the plethora of available 
evidence pointing towards more comprehensive methods for the delimitation of species 
(Simpson, 1961; Templeton, 1994; Ertter, 2000; Dayrat, 2005). 
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Variation and fuzziness permeates everything, including us humans. It is a challenge to 
our classifying minds, as illustrated by the story of Luzia and the origins of ancient Americans. 
Luzia (Lapa Vermelha IV Hominid 1) is an early human skull from Brazil which shows 
morphological characteristics that are closer to African, South Pacific, and Australian populations 
rather that the usual "tyical Mongoloid" morphology, that came from Beringia (Neves et al., 1999). 
However this morphological closeness between early humans in Brazil and extra-Beringian 
populations may only show the vastness and complexity of morphology. By finding additional 
evidence and covering the gaps, it has been shown that Luzia is only the "extreme of a continous 
morphological variation" between different stocks or populations of humans in early America 
(Gonzalez-Jose et al., 2008b). These early human groups in America had great within and among 
-group variability, making very difficult to sort out them in races or groups (e.g. Amerindian, 
Mongoloid, etc.). The "continuum array of craniofacial variation in the New World" (Gonzalez-Jose 
et al., 2008b) and what happened to Luzia's face may have been the effect of plasticity, drift, 
gene flow and selection acting along a gamut of climates and geographies, in what was a 
continuous flux of genetic transfer between Northeastern Asia and America (Fiedel, 2004). 
As Templeton (1989) suggests, biodiversity concerns the full spectrum of possibilities, 
from good species, whose genetic integrity is strongly cohesive, to bad species, which are not 
easily recognizable as strict categories. These bad species usually show an assortment of fuzzy 
characteristics (highly overlapped frequency distributions), a reflection of gradual processes, and 
thus are more useful to the study of evolution than good species (Templeton, 1989). Conflicts in 
character states among provisional taxa can be informative when the perspective of this 
divergence is understood (Rubinoff and Holland, 2005). Taxonomy, is therefore not a service for 
the identification of species, but a discipline that explores phylogenetic relationships, the measure 
of complex characters, the shape and properties of statistical distributions, and the mechanisms 
of speciation (Hennig, 1999; Nelson and Platnick, 1981; Cracraft, 2002). All these aspects, in due 
course, transpire into systems of classification (Wheeler, 2005). 
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1.2.9. Uniqueness and essence 
What possible characteristics may grant a species, as for example Homo sapiens (a 
relatively "good species" according to Templeton [1989]), its purported uniqueness among the 
remaining realm of biodiversity (e. g. Trigg, 1988)? The answer may not come as easily and 
straightforward as may seem at first sight; because not even the complete sequence of the 
human genome (Venter et al., 2001; IHGSC, 2001, 2004) can yet provide a definitive answer 
about what makes us exclusive among living organisms (Dunham, 2002). No single gene could 
have made us different from the rest of hominids along evolutionary history, neither gradually or 
suddenly, because it is not the particular configuration of genes or any other characteristic what 
confers individuality to the species entity, but its historical cohesiveness. 
Gradualness and variation permeate all life. In populations and species most genes may 
have experienced focused and fast selection, but only along a gradual pattern (e.g. genes known 
as ASPM and FOXP2) (Zimmer, 2005). Moreover, not even within our own species are there two 
exactly similar sequences of euchromatic DNA. Except for clonal siblings, there is a substantial 
level of variation as shown, for example, by the average distribution of single nucleotide 
polimorphisms (Marth et al., 1999) or copy-number variants (Kidd et al., 2008). Yet, and at the 
same time, there are also relatively large blocks of limited variation along the human genome 
(Patil et al., 2001). Despite the minimal extent of intraspecies variation (approximately< 0.1%), 
relative to the full extent of the human genome, there is still large room for diversity within our 
species (Venter et al., 2001 ). Thus, how we interpret variation in terms of genetic divergence 
depends on our particular point of view and the selected scale of sampling. The structure and 
workings of the molecular machinery are such that serve to differentiate closely related species 
by means of grade rather than of class. For example, the genetic complexity between organisms 
is usually estimated by mathematical models that involve a component of uncertainty (e. g. 
Claverie, 2001 ). The continuity of life is best shown by the expression of genes as a spectrum in 
the variation of frequency distributions, and thus accordingly to the paradigm of population 
thinking (Mayr, 1959). 
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We share parts of our genome with virtually every other organism on Earth (Shubin, 
2008). At further levels of integration, our emergent properties offer little comfort in terms of 
uniqueness, since there may be an exception for every conceivable character. At least part of the 
phenotypic differences among species may be due to context-dependent, nonlinear combinatorial 
processes at transcriptional and translational phases of the molecular machinery, epigenetic 
cascades, and the tempo and mode of developmental processes (Venter et al., 2001; IHGSC, 
2001, 2004). These mechanisms may be suitably expressed in a continuous rather than a 
discrete fashion. Along our own lineage, we may refer to fossils as more or less human (sensu 
Zimmer, 2000), but to set an abrupt demarcation line is clearly impossible. For the case of the 
human species, there is yet no essential genome, and not known common molecular sequence. It 
seems so far that species lack either essences or universals (Robert and Baylis, 2003). 
Nevertheless, it could be argued that there may be appropriate universals or essences to 
be found in the genetic structure for groups of organisms. Possible examples are given by the 
gene complexes for acquired immunity in vertebrates (Venter et al., 2001; IHGSC, 2001 ), the 
presence of the M168 mutation for all human males of European and Asian ancestry or the 
characteristic pattern in Alu sequences in particular groups of humans (Zimmer, 2005). Yet, this 
universal property is neither necessary (e.g. an essence) nor sufficient (e.g. a universal) for 
delimiting a single individual species within its group or natural kind. 
Think of language for example; notwithstanding it is considered by some as an exclusive 
character in humans (Eisenberg, 1972), it is also a trait common to other species (Radick, 2007), 
but only relatively more developed in ours (Hauser et al., 2009). Moreover, what should we state 
of those human fellows who lack the constitutive genetic mechanisms of language {White et al., 
2006), are they still part of Homo sapiens (Robert and Baylis, 2003)? Other cognitive properties 
have been suggested to be unique landmarks of the human lineage. One example is the ability 
known as mental time travel (MTT) (Suddendor and Busby, 2003); yet, some evidence points 
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towards gradualness in the development of this trait along a number of evolutionary lineages 
(Griffiths, 1999a; Schwartz and Evans, 2001; Morris, 2001 ). At a more modular and synthetic 
level, humans may be unique among mammals by a 92 bp deletion in a gene encoding for a form 
of sialic acid known as the CMP-Neu5Ac hydroxylase, that normally interacts with particular 
proteins in the surface of cell membranes and secreted proteins (Chou et al., 1998). It may be 
safe to say that the lack of this 92 bps is an essential characteristic of the human species; but 
then, we will have to accept our species as an essential entity. Essences diverge necessarily 
from the population thinking paradigm, and are forbidden by principle (Mayr, 1959). The solution 
to this simple paradox relies, as with language or any other trait, in a hypothetical human being 
showing a back mutation with the 92 bps reconstituted in his or her genome; will this organism be 
part of the human species? Essences are hardly compatible with the nature of ontological 
individuals, and species do not acquire individuality by necessary or essential characters. 
Despite the inadequacy of essences in populations or species, Ernst Mayr, the champion 
of the population thinking paradigm, suggested there may be an essence to every species at a 
more inclusive level, when stating: 
"In spite of the variability caused by the genetic uniqueness of every individual, there is a species-
specific unity to the genetic program (DNA) of nearly every species". 
Mayr (1982, p. 297) 
In other instances, Mayr referred to the impossibility of discriminating species in terms of 
their genetic information with the following comparison in mind: 
"That would be quite as absurd as trying to express the differences between the Bible and Dante's 
Divina Commedia in terms of the difference in the frequency of the letters of the alphabet used in the two 
books. The meaningful/eve/ of integration is well above that of the base code of information, the nucleotide 
pairs". 
Mayr (1970, p. 321-322) 
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Mayr, despite having set forth the view of species as aggregations of multiorganismal 
entities -that by definition must lack essences- was also aware that there was something else 
that must be necessary for granting existence and individuality to all species. If Mayr was right; 
then, every species will have an essence, resulting from the integration of all its constitutive parts. 
Thus, the essential properties of species that Mayr refers to, may be found in the perspective of 
species as finite evolutionary lineages, having a unique historical trajectory and an internal 
system of cogency and integration. This view complies with the necessary requisites for 
ontological individuality (sensu Hull, 1978). This may be the only essential pattern required, no 
other requisite or characteristic is necessary. This also explains why essences are incompatible 
with the species reality. It does not matter if there exists a single autapomorphy diagnosing a 
particular lineage, the members of this lineage will continue to be part of it, even if they lack such 
evolutionarily unique character state, and the lineage will continue to be such, even when some 
of its parts lack the designated autapomorphy. 
Regardless if species have essences or if they must be regarded as coherent 
evolutionary lineages37, we do little to solve the question about how we recognize species from 
other species or levels of evolutionary complexity. An answer to this question may be found when 
thinking of species as hypervolumes of character states or "homeostatic clusters" (Boyd, 1999; 
Griffiths, 1999b; Wilson, 1999); as for example, any of the quantifiable perspectives on 
boundaries among species in Chapters 3, 4 and 5. However, homeostatic clusters, as understood 
by Robert and Baylis (2003), may fall into the trap of typological thinking by necessarily requiring 
universals or essences. Fortunately, "homeostasis" is a property uniquely attributable to 
individuals, and is incorrectly applied to kinds of organisms (Holsinger, 1984; Ghiselin, 2002). 
Hence, homeostasis in species are those characteristics (e.g. common ancestry and common 
molecular structure) resulting from natural causes (Ghiselin, 2002). Homeostasis is a property of 
37 In strictly realistic terms, only one choice is possible. 
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physical systems, the characteristics that provide cohesion and integration to organisms or 
species, and nothing has to do with groups or kinds. Once again, we must remember that species 
are individuals, and hence, by principle, lack universals and essences. Perhaps, the solution is to 
think of this problem as one of grade rather than class, there are only grades of differentiation and 
confidence in the realm of species boundaries. 
There is no straightforward solution to the delimitation of species. Since there are neither 
essences (Mayr, 1959; Sober, 1980) nor universals (Ghiselin, 1974; Hull, 1978) in biological 
species; there are also, respectively, neither necessary, nor sufficient characters for setting limits 
among species. The restriction that essences and universals have to species, is parallel to the 
restriction that theories have to particulars. Theories, universals and essences are only applicable 
to classes and kinds (Hull, 1978). This is how we return at the beginning of Section 1.2.1 (p. 5), 
by exemplifying why theories based on a single species or individual cannot exist. Theories, such 
as gradual evolution, are solely valid in the context of a natural kind, such as that of all individual 
species (Baum, 1998), the total sum of biodiversity (Section 2.1.1.). 
1.2.10. The approach to my thesis 
All organisms and organic phenomena are composed of unique features and can be described 
collectively only in statistical terms ... 
Mayr (1959, p. 2) 
Thus far I have discussed the broadest aspects of the problem of boundaries and 
delimitation in species. Central to this discussion is the challenge behind understanding the 
concept of species. In this sense, I am comfortable with a fuzzy conceptualization of species. I 
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consider them evolving individuals formed by an aggregation of particles38 which confer the 
species nebulous limits relative to other closely related species. 
We may assume that the constituent particles of species are individual organisms, which 
preserve a cohesive structure from causal reasons and an historical nexus of ancestor-
descendent relationships. The nature of these particles and populations is often interpreted 
through statistical generalizations of limited aspects from their biology and character states. The 
fact that species are aggregations of particles sharing a common history of genetic descent, 
confers the species entity unique properties over other natural entities such as planets or atoms. 
Moreover, species suffer from a complex phenomenon of emergence (Mayr, 1997), resulting in 
many levels of complexity analogous to fractal dynamics (Hey, 2001 b). Since species are 
expressed as fractal patterns, it is often difficult to decide where or when do species start and end 
along their phylogenetic history (e. g. Giovannoni, 2004). Therefore, both emergence and 
evolutionary change confer species a fuzzy nature. Additionally, species may present permeable 
borders to evolutionary information from other species through a variety of mechanisms such as 
hybridization (e.g. Jeffreys, 1982) and horizontal gene transfer (e. g. Turner, 1971). 
The preceding discussion has extended over a considerable fraction of what is the 
species problem. The foundations for understanding the nature and boundaries of species belong 
to a number of pillars, ranging from the teachings of cognitive science, traversing the core of 
evolutionary theory and mathematical principles, and reaching metaphysical considerations 
founded on classic philosophy. To master the territory spanned by these disciplines is to enjoy an 
enhanced discernment on the nature of biological species, and an improved understanding of the 
limitations of each classificatory approach in systematics. The myriad of species descriptions, 
currently offered in the scientific literature, are, most likely, coarse conceptualizations on the true 
nature of evolutionary entities. Some of these descriptions remain unwarranted representations of 
38 The level to which species are conceptualized and studied depends on the preferred perspective 
of complexity and integration. Species, as the units of evolution, may be regarded as assemblies of 
individual genes up to whole aggregations of organisms or populations. 
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the author's own subjective appreciations (Jarrin-V. and Kunz, 2009). In order to avoid confusion 
among the many perspectives offered for species, it is necessary to understand the philosophical 
nature of the species problem and how to use the tools of measurement, uncertainty and 
probability. Only then, can we effectively traverse the roiling waters of subjectiveness, and reach 
the solid grounds of knowledge. 
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Chapter 2. General Methods 
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2.1. Essential principles 
If biologists use biometric methods, they must be reminded that no vague appreciation will answer 
biometric problems, they must study sufficient mathematics to apply the necessary tests on which alone 
biometric arguments can be safely based. 
Pearson and Lee (1903, 367) 
Irrespectively of the kind of character and method that is used for the delimitation of 
species, there are three essential principles by which we individuate all entities in the universe: 
spatiotemporal continuity, unity and location. These principles are handily intuitive and fully 
compatible with our perspective of species as lineages (Hull, 1978). 
The problem is that there are many ways of looking at species, and many perspectives 
for recognizing individual organisms as part of the same or different species (Holsinger, 1984 ). An 
individual, maintained as such due to the cohesive interactions of its parts, need not be the same 
or a single entity when a different set of interactions or properties are considered. Furthermore, to 
affirm that two or more populations belong to a single species does not deny the existence of 
further levels of complexity; which could also be grantable the condition of species under different 
perspectives39. The goal of the present work is to avoid delimiting sets, and study the properties 
of boundaries and distances of species under the premise of their ontological individuality (cf. p. 
34). Ideally, all available perspectives, based on traits considered as evolutionary characters, 
should coincide with that single underlying evolutionary pattern that characterizes an entity as a 
species, relative to other entities. However, the boundaries of these characters may not be sharp, 
and their individual variation result in different evolutionary histories. In any case, the present 
study is interested in the patterns that delimit species and its measurable overlap and boundaries. 
Contrasting to our often subjective attempts to name and classify species, we have the certainty 
that processes, overlap and boundaries are not arbitrary. 
39 Take our recent ancestor H. erectus, which varied widely in shape giving place to what some 
argue were different species, but populations to others (Zimmer, 2005). 
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Species may attain individuality from three main aspects or processes, namely: 1) 
interbreeding and reproductive isolation (Mayr, 1970; Patterson, 1985), 2) common ancestry or 
phylogenetic pattern (Ehrlich and Raven, 1969; Van Valen, 1976; Andersson, 1990) and 3) 
environmental forces or ecological stability (Mishler and Donoghue, 1982; Cracraft, 1983; Mishler 
and Brandon, 1987). These three views are compatible with the historical nature of species as 
lineages (Ereshefsky, 1992). I make use of all three aspects in the following study of species 
boundaries. As species are hypotheses about the distribution of character states (p. 11 ), these 
will be tested through the previous three main aspects of systematic classification. The three are 
not essential qualities but processes acting upon the species individual and sensible to 
measurement and statistical inference (Ereshefsky, 1992). The three aspects may not necessarily 
coincide, and it is when this happens that the most interesting aspects of systematics and 
evolution may surface. A mismatch between ecology, morphology and phylogenetic pattern may 
tell us something about the mechanisms shaping boundaries among species. 
2.1.1. Working definitions 
'Species' is a theoretical term in evolutionary biology, and like many theoretical terms in the 
sciences it is very hard to give a terse verbal formula that catches all the nuances of its meaning. 
Ghiselin (2002, p. 152) 
In the practice of science it often happens that the interpretation of the patterns and 
relationships of the evidence perceived around a particular phenomenon are deeply influenced by 
our worldviews and frames of reference; these, in turn, often shaped by the quality of our 
educational background, experience and knowledge (Mayden, 2002). In consequence, along the 
previous sections, I have invested special concern in a detailed explanation of the perspectives 
that the current work holds on the nature of species. This does not mean, however, that truth 
depends on our particular perspective; truth exists independently, as species exist independently 
of the human mind. 
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One of the "first principles" of science, known as commonsense realism, is that there is a 
real world, independent of human perceptions (Mayr, 1997). Hence, we must strive through the 
midst of our senses and minds towards ultimate truths reflecting most accurately reality. Science 
may be a useful tool towards reality, but the truth of the species entity is often occluded by our 
need for workable definitions. Species as hypotheses require species concepts, and hence 
definitions. Therefore, species as hypotheses are limited in their context by the extent and nature 
of the definitions encompassing the particular species concept in which the species hypothesis is 
framed. However, there may be no other conceivable way in which we can approach the 
diagnosis of species if it is not by considering them as testable hypotheses about the existence of 
an independent evolutionary entity (i. e. species), always within a particular methodological 
framework (e.g. morphology or molecules). This apparently unavoidable restriction regarding the 
diagnosis of species as testable hypotheses, rises several methodological issues about the 
universality of species concepts and the existence of entities delimited by such concepts. 
For example, given the evidence favoring the existence of certain species framed under a 
particular concept; then, is it possible to test such hypotheses under different concepts? If it is 
not, is the existence of such species valid only under a particular concept? Is the species concept 
or the species as an entity what is being tested as a hypothesis? The preference for one or other 
concept, and the ensuing discussions upon the validity of species based on concepts departs 
from the cannons of science into the realm of "value judgements and aesthetic assessments" 
(Mayden, 2002). 
Unfortunately, in order to perceive species and test them as hypotheses about the 
distribution of characters along the perspective of lineages, we must work first under the 
framework of particular concepts, but always maintaining in mind the premise that species are 
inherently independent evolutionary lineages which lack accurate definitions but can only be 
diagnosed. Only in this sense can we reconcile the propositions of Darwin and Bateson 
paraphrased in Section 1.2 (p. 3). 
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Species may lack sharp limits as suggested by species concepts, but they may need 
some sort of delimitation for them to be understandable and diagnosable in our minds. Therefore, 
I will follow the proposition of Mayden (2002) and acknowledge the Evolutionary Species Concept 
(ESC) as the more accurate, over-arching and non-operational conception of species as 
independent evolutionary lineages, and the Phylogenetic Species Concept (PSC) as the most 
effective (although not entirely infallible) operational surrogate of the ESC. Hence, in the following 
analyses I will endow special interest to my perspectives of species as lineages, even if some of 
the included methods are not fully compatible or directly applicable within the lineage perspective 
of species. By maintaining the premise of lineages, concepts acquire secondary importance, 
because what is being tested is the species hypothesis as a lineage, not as a definition or 
concept. 
Consequentially, every character is important (e.g. morphological, molecular, behavioral, 
ecological), and within them there are no universal measures dictating species boundaries. 
Therefore, it is not possible to assign priority values on one particular character over others, 
without departing from scientific rigor into aesthetic appreciations. Any species hypothesis must 
be pondered on four basic pillars (Mayden, 2002): 1) Species hypothesis must be tested within a 
phylogenetic framework. 2) Species tests must be between sister species. 3) Knowledge on the 
rates of evolution or anagenesis is important within and among characters and within and among 
lineages. Thorough and exact knowledge (often impossible to know for most kinds of characters) 
of such rates may free us from the need for phylogenetic estimates, and accurate measures of 
species distances. 4) Transgression of species boundaries do not necessarily imply total lack of 
species limits, boundaries may be permeable, but yet existent. 
In this sense, for example, the critiques to old and recent species descriptions included in 
the results section -which from the previously explained theory are prime examples of typological 
thinking- must be alternatively regarded as tests of the species hypothesis. To test a species 
hypothesis it is necessary to appraise the characters being used as evidence for lineage 
independence (Mayden, 2002). If such characters do not provide convincing evidence for the 
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presence of an entity recognizable as an independent lineage; then, the hypothesis is rejected, or 
otherwise supported by additional evidence. For example, a purely morphological diagnosis of a 
species is necessarily a hypothesis for the presence of homologous character states as 
autapomorphies in a phylogenetic hypothesis (i.e. evidence for lineage independence and relative 
lineage distance to other lineages). This morphological hypothesis about the presence of 
autapomorphies requires falsification tests for the uniqueness of such characters assigned to the 
new species (i.e. the allegedly independent lineage). The legitimacy of such morphological 
species is negatively affected if the inherent nature of morphological characters is not honored, 
as has been previously discussed (Section 1.2.6, p. 46) and as I will exemplify in further detail 
along the results section. A purely genetic diagnosis of a species, based for example on genetic 
distances or any other measure of that sort, demands similar falsification attempts. Although in 
this case what is being tested may not be necessarily the existence of autapomorphic character 
states, but the validity of a molecular clock or a molecular model of evolution from which the 
distances or differences are estimated. A phylogenetic hypothesis, on the other hand, suggesting 
the presence of various levels of lineage cohesion and independence, may be tested on its 
statistical robustness by a wide range of quantifiable approaches, or by means of alternative 
phylogenetic evidence or methods. Nonetheless, many species may not have limits or 
boundaries; rather, they may be fuzzy and fractal at various levels of resolution and perception. 
Since a substantial proportion of this study deals with the delimitation of species, I deem 
appropriate to explain once more and in concise fashion what I think is the most appropriate 
concept of species in the context of my work. I do this by paraphrasing the philosophical 
aphorism of Mayden (2002) regarding the ontology of species: 
"They are scientific hypotheses regarding the existence of a unique and distinct biological and 
evolutionary entity. They are hypotheses presented on the basis of evidence that lead skilled researchers in 
systematic and taxonomy to propose that some populations are unique and form independent lineages 
relative to other populations traditionally grouped with them". 
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This working definition comes in full resonance to my previous discussion in the 
introductory section of my manuscript. Furthermore, I think a correct approach to the test of 
hypotheses can only be made through the mathematical pondering of perception error; this is the 
practice of statistics. A lineage perspective of species, as are phylogenetic hypotheses, and the 
several approaches into the behavior of character states along inferred topologies, must 
necessarily be pondered by statistical assessments of their accuracy as estimates of the 
evolutionary behavior of characters. 
The following subchapters include detailed explanations of the general methods and tools 
used for the analyses included in the results section. The methods described below refer to the 
broad aspects considered in the various analyses. 
2.1.2 Morphology (and phenotype in general) 
Phenotypic similarity is irrelevant in the individuation of organisms 
Hull, 1978,p.345 
The problem with morphology, and the phenotype in general, is that traits on this grounds 
are often judged in terms of relative similarity. In strict sense, resemblance among natural entities 
is not a valid criterion to establish the evolutionary position of particular taxa. The criterion of 
similitude among evolutionary entities does not honor the laws and mechanisms of speciation 
processes (Ghiselin, 2002). However, the leading citation by Hull (1978) may seem rather radical, 
especially considering that a large majority of species descriptions have based their conclusions 
on phenotypic traits. Hull's argument orbits around the fact that similarity is not a requisite for 
individuality. Species can experience radical transformations through existence, without losing 
their individuality, and other species continue to be distinct lineages despite being the same at 
various phenotypic levels (Hull, 1978). Regardless, the phenotype remains one of the most 
important expressions of biological diversity and a rich source of information for evolutionary 
biology. Phenotypic traits can provide information about spatiotemporal continuity, unity and 
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location (p. 74). The first requisite is fulfilled by the phylogenetic properties of the phenotype, the 
second and third may be appropriately framed within the homeostatic properties of species (p. 
69). The characteristics of species are a "systematic function" of causal mechanisms (Robert and 
Baylis, 2003). The properties of species will tend to aggregate in coherent and cohesive 
homeostatic systems that appear as more or less discrete distributions in theoretical spaces, with 
particular unity and location. 
2.1.3 Phylogenetics and genetic data 
Unfortunately, to the dismay of people seeking an immediate panacea, the molecular identification 
of species is fraught with the same constraints and inconsistencies that plague morphological judgments of 
species boundaries. 
Will and Rubinoff, 2004, p. 48 
l,What could be understood from a molecular phylogenetic hypothesis in the absence of 
complementary information on the morphology, ecology, behavior, distribution and any other 
major set of characters defining a species? In the absence of these parameters, phylogenetic 
relationships based on a single or few genes provide a limited guess of relationship and 
evolutionary position, but tell nothing about the evolutionary wheelwork of connected and 
complex gears in other biological aspects that comprise and give rise to species. On the 
alternate perspective, studies on the evolutionary mechanisms and classification efforts are 
affected in the same magnitude, if divorced from the information provided by phylogenetic 
studies. 
Common ancestry and the transition between tokogenetic versus phylogenetic 
relationships are inferred through the various methods considered by phylogenetics. Logical (e.g. 
parsimony) and mathematical optimization algorithms (e.g. max. likelihood) generate tree 
topologies that represent historical points of bifurcation. These split events are assumed to be the 
origin of two new taxa and the extinction of the ancestor (Hennig, 1999, contra Simpson, 1945). 
Cladogenesis, as is explained in phylogenetic practice, is often based on assumptions (e.g. the 
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Theseus paradox explained in p. 20 and lineage sorting) and simplifications (e.g. sharp and 
instantaneous bifurcation) of the actual process of speciation. Phylogenetics provide an estimate 
of the historical relationships in evolutionary entities or taxa, and serves also as a general 
framework for comparative methods. 
The phylogenetic analyses included in the results section are based on mitochondrial 
data. Therefore, the historical inferences on the relationships among taxa are limited within the 
context of a single molecular sequence and may differ from the general pattern of "species 
sorting" (Will and Rubinoff, 2004). Speciation cannot be accurately reflected by a single gene-
splitting event, but involves a complex chain of events related to phenotype-environment 
interactions. However, the minimalist perspective that can be provided by a single gene is 
convenient as is the reduction of the phenotype and environment into underlying factors of 
variation. We assume that the history of the sequence is that of the species, and often this pattern 
sheds light over obscure morphological patterns and boundaries, and the contrary could also be 
so. 
2.1.4. The myth of the P-value 
"Statistical data are always erroneous, in greater or less degree" 
Fisher (1935, 287) 
I will invest the following two pages into a discussion I deem worthy of the current 
study. The use and understanding of statistical probability in hypothesis testing is crucial to any 
endeavor of the present kind, in which limited samples of highly similar evolutionary entities are 
measured and compared. Obviously, there will be no interest and no insight in comparing such 
entities as distinct as for example primates and ungulates, for which the majority of morphological 
characters are of such different scale and shape that any application of statistical probability 
theory will be unnecessarily excesive. However, the nature of morphological and genetic variation 
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within and among the species in which I have interest is of such complexity an obscurity that the 
correct use of statistics becomes indispensable and unavoidable for a good study. 
Few theoretical tools in the practice of biology have been so heavily misused and 
misunderstood as the statistical index known as the "P-value" (Nickerson, 2000). Contrary to the 
philosophy of science- particularly the "empirical falsification" of Popper (1934) -,the "rule" 
imposed by the significance or non-significance of the results dictated by an arbitrary cutoff value 
often become a fixed and unquestionable reference from which decisions hinge between 
acceptance and rejection of a particular hypothesis. According to the enjoyable historical account 
by Sterne and Smith (2001 ), the fact is that Fisher (1925) never imposed a rigid rule on the 
acceptance or rejection of hypotheses, but suggested using the P-value as a measure of the 
strength of evidence against the null hypothesis -however, Fisher has been criticized for his 
emphasis on significance testing (Yates, 1950), apparently his earlier perspectives on the subject 
latter changed in favor of using P-values more context-wise (Quinn and Keough, 2002)-
Therefore, very low p-values, largely below the well known 0.05 cut-off value should be regarded 
as safe ground to assume robust evidence against null hypotheses. This perspective involves, 
however, a degree of subjectivity in the decision upon the statistical veracity of hypotheses that 
some researchers were not ready to accept. For that reason, Neyman and Pearson (1933), 
concerned upon the subjectivity of null hypothesis testing and the narrow perspective focused 
solely on Type I errors, suggested the use of a decision rule that will also maximize the statistical 
power and not only minimize Type I errors. This proposition, combined with a lack of rigor in 
establishing decision rules prior experiments or observations, and added to the historical practice 
of scientific publishing, is the origin for the infamous 0.05 cut-off value (or any other cut-off values 
therein), a rule for which Fisher (1956) was never inclined to concord with. 
The abuse of the significance index in the mechanistic decisions of hypothesis testing is 
severely criticized by Moye (2000) as a renounce to reason. In a similar sense, Rothman (1998) 
provides a possible explanation for the engraining of the misconceived use of statistical cutoff 
values, explaining it as a result for the need of objectivity in the publication of science, and 
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conforms with Moye (2000) in his perspective that this index replace reason in favor of a 
mechanistic rule to accept or reject alternative hypotheses. A different explanation is given by 
Romero Villafranca (2004), who suggests that the use of critical margins for the P-value is an 
anachronism remaining from the days in which statisticians referred to standard statistical tables, 
and were limited to established levels of significance to cope for the lack of computational power. 
The misinterpretation of statistical results through cutoff values reflects the need for objectivity 
and clarity in scientific publications. However this comes at the cost of serious misconceptions 
upon the meaning of statistical inference, a burden imposed by positivist science and the poor 
understanding of its philosophical basis. The use of a cutoff value is nothing more than a 
convention which has regrettably taken root in the wrong place amidst the scientific zeitgeist. 
It is neither convenient nor appropriate to use the tools provided by statistics as 
an absolute reference for reaching unconditional decisions. The purpose of scientific inquiry is to 
readjust the degree of confidence about the truthfulness of hypotheses, providing reasonable 
arguments of doubt about the mechanisms and causes of observed phenomena (Silva, 1997). 
Moreover, the role of science is far from prescribing decisions or dictating action plans. Decision-
making involves not only the final products of scientific inquiry, but also other aspects in a 
complex human network of needs, analyses and decisions. In this sense, a P-value is a studied 
guess upon the truthfulness of a particular effect or phenomenon of interest, not a magical recipe 
for deciding what is ultimately right or wrong. 
The absence of evidence is not evidence of absence. Hence, the lack of 
statistical support for the effect or difference among groups is not concluding evidence about the 
truthfulness of the null hypotheses. At least with the evidence at hand, all what we can say about 
a high P-value is that there is no apparent reason to support a real effect or difference. On the 
other side of the coin, even if a statistical contrast, say between two genetic populations (or any 
other contrast or pattern analyzed), shows an extreme low P-value, this is not necessarily 
evidence for the practical differences of the effect in analysis. In realistic terms, this can be 
translated into the differences between species, populations or sexes, which will never be equal 
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to zero, due to the natural variation which is inherent in these various entities. Consequently, 
there are no true null hypotheses in the reality of biological entities. Given a large enough sample, 
any alternative hypothesis can be supported statistically, despite the minute differences observed 
among groups. Therefore, one thing is the statistical significance, and other is the practical 
importance of the observed patterns of variation (Prieto Valiente and Herranz Tejedor, 2005). All 
what low P-values tell us is the presence of evidence for a detectable difference, but not that this 
difference should matter at all in practical terms; hence the importance of confidence intervals 
and other indexes about the reliability and strength of the differences suggested by the P-value 
(Hayek and Heyer, 2005). 
The P-value should be treated as any other statistical index. It should represent a 
measure of probability about the occurrence of a particular event, which could be, for example, 
the lack of effect of a given phenomenon under study, or a measure of the strength of evidence 
against the null hypothesis (Sterne and Smith, 2001 ). A large number of publications and experts 
reiterate once and again, that there is nothing magical about the 0.05 or 0.01 cutoff values for 
significance indexes, and this is largely and arbitrary convention (e.g. Snedecor and Cochran, 
1989; Bourke et al., 2000). 
Our insistence for cut-off values probably follows a similar rationale as the one discussed 
in section 1.2. Our minds show a natural propensity to categorize natural phenomena (Hey, 
2001 a), and statistical indexes are not exempted from this tendency; yet, statistical evidence 
usually grows progressively as our body of knowledge increases, and therefore our ultimate 
conclusions about the universe transcend gradually into what we hopefully think is a more 
accurate perspective upon reality. 
In consequence, I will avoid, whenever possible, the positivistic slogan "significative" and 
"non-significative", and instead report the P-value and complementary information with a careful 
description of the observed facts. Even if a P-value is relatively "high" or above the infamous 
"0.05" cutoff value, the effects of an experimental treatment, or natural phenomenon such as 
natural selection, could still be present and its effects measured and detected (Freiman et al., 
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1978). Whenever possible, I also refer to accessory indexes of statistical effect reliability such as 
Cohen's d (1988), an effect size index (the number of standard deviations between contrasted 
means) that measures the strength of the tested differences in terms of the pooled standard 
deviation as suggested by Hayek and Heyer (2005). Additionally, the role of graphical 
assessments of variation among groups is an irreplaceable tool that will be generously applied as 
complements to statistical contrasts and correlation tests. 
Besides, there is one question which statistical indexes of uncertainty can't answer. For 
the bats considered in this study, what morphological magnitude represents a relevant 
evolutionarily measure of difference between populations, subspecies, and species? Is there any 
real difference between the former categories, or are they just that, simple categories, non-natural 
constructs of the human mind? 
2.1.5. Effects and differences, the issue of power 
It is vain to do with more what can be done with less 
William of Occam, 1288-1348 
Given a sufficiently large collection of samples, every statistical test will result in low P-
values, which will lead us to reject the hypothetical similarity among test groups (i.e. equal central 
tendency estimates). As sample size increases, statistical estimates approach population values. 
Since all populations differ in their natural traits -and this is why they are recognized as 
populations in the first place-, their measured characteristics will be never equal among 
samples. We realize, therefore how futile is to report a statistically "significant" difference without 
knowledge of the nature and relative proportion of sample size, as well as the effective magnitude 
of such differences (Prieto Valiente and Herranz Tejedor, 2005). 
Under ideal conditions, one should have a priori information about acceptable levels of 
statistical error (or statistical power), magnitude of population differences, population size and 
variation, and a realistic measure of the required magnitude of the inferred differences for entities 
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to be distinct. These are usual requirements for the estimation of statistical power (Quinn and 
Keough, 2002). In other words, we must have at least a rough idea of the desired sample size, 
degree of confidence, extent of variation and expected distance among groups or species (i.e. 
effect size). Logically, this information is out of the limits of most real-life studies. The study 
subjects of the current work, populations of Sturnira, Carollia and Anoura may be ranging in the 
millions of individuals, but only a few thousands specimens are available at museum collections 
around the World. Even with all samples at hand, the required divisions and subdivisions into 
species, subspecies, localities, sex, ages, and other possible subgroups will render increasingly 
smaller sample sizes. 
In consequence, the most reliable approach to the study of variation among species is to 
gather the largest possible amount of evidence, and estimate statistical power through post hoc 
power curves or related indexes (Sakal and Rohlf, 1995; Stevens, 2002). The consideration of 
statistical power is obviously more important for those cases where the distances among groups 
remain uncertain after the estimation of the statistical probability of the observed distances (i.e. 
relatively high P-values). Yet, this approach has been criticized as rather flawed and pointless 
due to the circular reasoning involved in calculating the probability of detecting an already known 
difference among groups (Hoenig and Heisey, 2001; Quinn and Keough, 2002). Concerns upon 
power will be justified in those cases where we do not observe differences. Fortunately, the 
available sample size for this study is decently large, and therefore emphasis will be preferentially 
on effect size. 
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Chapter 3. Anoura 
88 
3.1 Observations on the taxonomic history of the genus Anoura (Chiroptera: 
Phyllostomidae) with insights into the challenges of morphological species delimitation40 
A surge in new species descriptions must be accompanied by an equal amount of healthy 
skepticism. This chapter is a critique of the current approach to species delimitation for the genus 
Anoura. It is not uncommon for studies committed to the delimitation of species to incur in a 
mismatch between their underlying epistemological perspective and the nature of species as real 
entities or ontological individuals. This is the reason why these studies should capitalize on the 
statistical paradigm to ascertain the degree of vagueness upon their particular approximation to 
real or purported real species. It is common for species to have fuzzy boundaries and numerous 
sources of variation. Moreover, as multi-organismal entities, species deserve a more cautious 
action to their delimitation than purely verbal descriptions from the point of view of a single 
observer. This chapter highlights the need for quantifiable methods that provide clear 
perspectives on the magnitude of overlap and variation within and among species. The problems 
and contradictions highlighted here are the reason why the delimitation of complex entities as 
evolutionary species must be framed under the paradigm of hypothesis testing and measurable 
and concrete estimates of character states. Quantitative hypothesis testing should be a 
requirement for the practice of systematics, taxonomy and species delimitation. Species are not 
mind constructs but complex ontological individuals awaiting discovery by means of precise 
statements of uncertainty. 
3.1.1. Names come and go, but species remain 
Extant species in the genus Anoura are relatively common and widespread throughout 
the Neotropics, especially at intermediate altitudes in the Andes. Members of this genus are 
40 A version of this chapter was published in Jarrin-V. and Kunz (2008). 
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among the most abundant and perhaps the most important mammalian pollinators in Neotropical 
cloud forests. However, Anoura also includes rare species, at least based on species 
assemblages that have been assessed using mistnets. Notwithstanding, most species in this 
genus are frequently represented by large series in museum collections implying large 
abundance, and often included in mammal-inventories suggesting broad distributions. 
As with most groups of Neotropical bats, Anoura has suffered a long and tortuous history 
of taxonomic changes. Names come and go, but species as evolutionary entities persist. 
Notwithstanding, it is helpful to establish a historical perspective upon the evolution of taxonomic 
knowledge in order to fully assess species boundaries. According to Tamsitt and Nagorsen 
(1982), the genus "Anoura" was first used by Gray (1838) in the description of the type species 
Anoura geoffroyi. However, the first described species belonged to another genus as 
Glossophaga caudifer and G. ecaudata (Geoffrey-Saint-Hilaire, 1818). Subsequently, the genus 
Anoura underwent a complex series of synonyms andre-descriptions (Tschudi, 1844; Agassiz, 
1846; Peters, 1869; Tamsitt and Valdivieso, 1966; Nagorsen and Tamsitt, 1981). For example, 
during the period 1818-1941 at least 9 synonyms were assigned to A. caudifer(Cabrera, 1957; 
Tamsitt and Valdivieso, 1966). The specific name caudifer was changed to caudifera by a number 
of authors, originating with Dobson (1878) and later followed by several workers (e. g. Nowak, 
1999). Despite this change, and opposed to the arguments by Handley (1984), the name used in 
the original description must be maintained, as recommended by Simmons (2005). 
The record of descriptions at the species level for Anoura is as follows. A. caudifer 
(Geoffrey-Saint-Hilaire, 1818), A. geoffroyi (Gray, 1838), A. cultrata (Handley, 1960), A. 
brevirostrum (Carter, 1968), A. werck/eae (Starret, 1969), A. latidens (Handley, 1984), A. 
luismanueli (Molinari, 1994), A. fistulata (Muchhala et al., 2005) , A. cadenai (Mantilla-Meluk and 
Baker, 2006). Subsequent to the description of A. brevirostrum and A. werckleae, both taxa 
where synonymized to A. cultrata by Nagorsen and Tamsitt (1981). This is supported by previous 
evidence provided by Philips (1971) of largely overlapping variation among the various taxa. 
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I assess the validity of the various character states purportedly serving as morphological 
boundaries among species in Anoura. I hypothesize that many of these character states are 
consequence of limited sampling protocols and erroneous approaches to the study of continuous 
morphological variation within and among taxa. On the whole, I insist that statements of 
morphological similarity must be in terms of numerical values expressing the scalar effects of size 
and the conversion of proportions of geometric dimensions (Benson and Chapman, 1982). From 
a geographic perspective, the problem of qualification of quantitative data may find an 
explanation in the inadequate interpretation of extremes of distribution detected as fixed character 
states versus undetected patterns of clinal variation; in other words an issue of sampling error 
(Hubbard, 1999, Wiens and Servedio, 2000). 
3. 1. 2. Methods 
Simple contrasts against species descriptions were made using original data from 
specimens housed at the following museum collections: Departamento de Ciencias Biol6gicas, 
Escuela Politecnica Nacional, Quito (EPN); Museo de Zoologia, Pontificia Universidad Cat61ica 
del Ecuador, Quito (QCAZ); and Museo Ecuatoriano de Ciencias Naturales, Quito (MECN). All 
measurements were recorded to the nearest 0.01 mm with a Fowler Sylvac Ultra-cal IV digital 
caliper. Only adults were considered for analysis. 
Statistical significance usually measures the strength of evidence against the null 
hypotheses for no differences between or among groups. For the case of species delimitation, the 
statistical existence (low P-values) of such differences provides little insight or mislead if it is not 
accompanied by complementary information regarding the magnitude (distance among means) 
and strength (sample size) of differences between or among means (Hayek and Heyer, 2005). It 
is indeed true that statistical tests for group differences generally tell us something on whether 
inferences on group differences -based on available samples- are large enough relative to 
within-sample variance to make it unlikely that they're just a by-product of sampling error, but this 
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is as far as they can get. There is nothing said on a P-value about how important and meaningful 
are those differences under the framework of interest. In simple terms, it is not sufficient to know 
that something is "significantly different" from some other thing, but it is also necessary to 
understand how that relatively low probability for the observed difference is expressed in terms of 
the variance, magnitude and meaning of the measured variables. The assertion "statistically 
significant" does not necessarily means "biologically significant"; everything can be different from 
the rest (i.e. "statistically significant") given sufficiently large sample sizes and/or far too many 
dependent and independent variables (Cohen, 1990). Understanding and interpreting how a low 
probability (P-value) against the hypothesis for a single species versus the hypothesis for two (or 
more) species is related to a meaningful difference in character states is the appropriate path in 
which to consider species differences. 
Cohen's effect size (d) provides an estimate of overlap between normal distributions and 
therefore is a handy approach to assess the magnitude of the differences detected by statistical 
contrast tests between groups (Cohen, 1988). Cohen suggests a subjective scale of d based on 
qualitative adjectives, specially designed for the behavioral sciences. Thus, d=0.2 is small, d=0.5 
medium and d=0.8 large. Subjectivity, in the context of this discussion, is not a desirable property; 
yet, d can be endowed with coherency by sound approximations to the study of species limits 
(e.g. Hayek and Heyer, 2005). The smaller the distance between means, relative to the pooled 
standard deviation weighed by sample size, the smaller d. In calculating d, I use the formula 
suggested by Richardson (1996) and Hayek and Heyer (2005). Thus, Cohen's d, applied to the 
inspection of species limits, is in full concordance with a quantitative perspective of morphological 
variation and clinal arrangements, and it is also compatible with circumstances in which variation 
is expressed as sharp discontinuities. However, the question remains on how large the 
differences need to be for groups to be assigned the status of a putatively good morphospecies 
(but not necessarily real species)? The answer will vary depending on the kind of organism and 
the particulars of their corresponding natural histories and character states, whatever kind of 
characters these may be (e.g. multiples lines of evidence such as genetics, morphometries, 
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ecology, etc.). Still, it is feasible to establish a scale for delimiting the strength of differences in 
species boundaries on particular groups of organisms, but only after careful calibration based on 
independent evidence (e.g. Hayek and Heyer, 2005). Notwithstanding, and owing to the lack of 
better information on this subject, I follow the same standards as Cohen's for qualifying the 
strength of the statistical differences between species, and pay special attention to the amount of 
overlap in the estimated normal distribution of character states. 
3.1.3. Problems and contradictions 
A sample of Anoura was named as Lonchoglossa by Peters (1869) and later supported 
by claims of discrete character states separating both genera (Miller, 1907; Husson, 1962). Allen 
(1898), on the other hand, denoted the lack of differences between the two genera in the alleged 
diagnostic characters. Similarly, Sanborn (1933) found no evidence for a clear separation of 
dental character states between these putative genera, and emphasized on the extreme variation 
of morphological features within groups. Later, Tamsitt and Valdivieso (1966) criticized the 
rationale used by Husson (1962) to divide the original Anoura specimens into a different genus 
Lonchoglossa depending on the presence or absence of a tail. For example, tail length seems to 
vary considerably in A. caudifer and does not constitute a stable character for establishing limits 
among taxa (Tamsitt and Valdivieso, 1966). 
The subspecies, A. caudifer aequatoris Lonnberg (1921) -supported by claims of 
presence in other geographic regions of the Neotropics based on the collection of samples 
(Sanborn, 1933; Cabrera, 1957)- has been previously shown to be an artifact of small sample 
size and lack of proper methods to distinguish boundaries among taxa (Tamsitt and Valdivieso, 
1966). This is not surprising when one considers that only two individuals were used to define the 
subspecies, notably A. c. aequatoris. According to Tamsitt and Valdivieso (1966) the contrast 
between means in lengths of forearms showed sufficient distance ("statistical significance") to 
suggest meaningful differences in this character for the two putative subspecies. However, from 
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what can be inferred from the published central tendency and dispersion estimates, these 
contrasts might have statistical significance, but may be short of biological significance (sensu 
Hayek and Heyer, 2005). Although the effect size of this contrast is large (d=0.95), with about half 
of both estimated normal distributions in overlap (sensu Cohen, 1988), the difference in length of 
forearm is near 1 mm. However, this is the only evidence favoring the existence of two 
subspecies, and may not be sufficient proof as emphasized by Tamsitt and Valdivieso. Perhaps 
more importantly is that no other character (e.g. length of the skull) shows satisfactory statistical 
evidence to imply that there is a real trend in the change of character states. Although Andean 
populations were slightly larger for lengths related to handwing characters, the various lengths 
related to the skull remained for the most part constant. Moreover, burden against the two 
subspecies resided in the large overlap of character states. Thus, there is no definitive evidence 
for clinal variation between populations related to Amazonia (aff. to A. c. caudifer) and the Andes 
(aff. to A. c. aequatoris). Additional samples and multiple lines of evidence (e.g. morphological 
and molecular) along an eastern-western cline might clarify this issue. 
Against the former evidence, suggesting the lack of differences for a sound subdivision in 
A. caudifer, there has been a recent attempt to insist in valid subdivisions within the species, by 
rising A. c. aequatoris to the level of species as A. aequatoris (Mantilla-Meluk and Baker, 2006). 
Paradoxically, these authors called into question the conclusions of Tamsitt and Valdivieso (1966) 
by arguing on the limited sample size used in their analysis. However, Tamsitt and Valdivieso 
(1966) used the largest sample (n = 46) ever gathered in a taxonomic study of the genus (versus 
n = 2 for LOnnberg, 1921; n = 13 for Sanborn, 1933; n = 9 for Mantilla-Meluk and Baker, 2006). 
The validation and reclassification of A. caudifer aequatoris to the species level by 
Mantilla-Meluk and Baker (2006) suffers from serious methodological issues. For example, it is 
not clear from their methodology what sample size was used to generate the "morphometric 
isolines" (i. e. isolines of purportedly sharp morphological boundaries), but I infer that it is the 
same sample used in their subsequent discriminant analysis (n = 33). I argue that this too is a 
limited number of individuals for representing at least three taxa from 20 different localities for the 
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entire Colombian region. The extrapolation of morphological variables from a handful of 
specimens, along such a vast region, will obviously incorporate a considerable degree of bias in 
the estimated values for the "morphometric isolines" and therefore for the true identity of a priori 
groups. This is true even when one attempts to control for subtle differences due to age and 
sexual dimorphism as in the case of Mantilla-Meluk and Baker (2006). Establishing boundaries on 
a handful of specimens also increases the opportunities for missing important intermediate values 
along what could be a continuum of change in character states correlated with environmental 
clines, plasticity or intra-population variation. Another serious problem is the ratio between the 
number of morphological characters (26) and the available sample size (33) which may result in 
serious distortions of variance-covariance matrices for multivariate analyses such as discriminant 
analysis. A high ratio of variables against samples often results in overfitted linear models with 
spurious high correlations (i.e. outsized singular matrices), largely susceptible to capitalizations 
on chance, and unstable weights that preclude accurate interpretations of multivariate vectors 
(Weinberg and Darlington, 1976; Kiiveri, 1992). This translates into overestimate levels of 
differentiation between putative taxa or mean classification error rates (Lance et al., 2000). Thus, 
Stevens (2002) recommended at least 20 specimens per variable for obtaining reliable results in 
a discriminant function analysis. In a similar manner, Williams and Titus (1988) suggested that 
sample size should outnumber variables threefold. Moreover, the use of discriminant analysis for 
assessing the distance among putative species or taxa in canonical space may not be the best 
approach given the particular circumstances in the work of Mantilla-Meluk and Baker (2006). 
Linear discriminant analysis (LDA) was primarily designed to assist in the discrimination 
of individuals based on the construction of linear combinations of variables from the distribution 
and covariance of character states in groups of known identity (Fisher, 1936; Lubischew, 1962). 
Thus, among the important assumptions for LDA is the presence of only one taxon per group 
(Albrecht, 1992), or that the taxa from which discriminant functions are estimated remain 
completely distinguished on a priori basis through independent evidence from that being used in 
the analysis (Thorpe, 1976). Certainty on the identity of groups is necessary because otherwise 
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estimates of means and dispersion will be biased. More importantly is the issue of circularity. For 
example, it is not reasonable to generate a canonical space in which distances among group 
centroids are maximized by using those characters that served as a priori evidence for group 
separation. In this case, the evidence used to establish a priori groups is not independent from 
the information provided by the set of variables used in an LOA, but it is actually the same. 
Examples in which LOA is appropriately used in groups of known identity are numerous. 
For example, W6jcik et al. (2000) applied LOA to assess the extent of morphological overlap in 
six races of recognizable chromosomal identity. Reed et al. (2004) assessed the usefulness of 
morphological characters to discriminate among sympatric species delimited by electrophoretic 
techniques. Nolte and Sheets (2005) analyzed the assignment of transgressive phenotypes to 
genotypic classes recognized from microsatellite data. These studies never used morphology on 
morphology. However, for Mantilla-Meluk and Baker (2006) the estimated discriminant functions 
were not independent from the observations being classified and the resulting apparent error rate 
(APER) must have been smaller relative to the results from an independent set of observations 
(Lance et al., 2000). Estimated actual error rates from jackknifing often result in more realistic 
measures of classification, although still affected by the choice of repetitive groups especially 
under a high variable to sample ratio (Lance et al., 2000). 
If one wishes to use a measure of the morphological gap separating samples as evidence 
for discrete groups; then, an appropriate alternative would have been principal component 
analysis (PCA), representing the spatial relationships of morphospace in terms of Euclidian 
distances according to axes of largest variation in pooled samples (James and McCulloch, 1990). 
Nevertheless, LOA has the useful property of "spherizing" the spatial distribution of data, resulting 
in distances that accurately reflect the position of points in an iso-density contour (Lattin et al., 
2003). In other words, the distances not only reflect the space between points, but also the 
magnitude and direction of overall variation among and within groups (Klingenberg and Monteiro, 
2005). Thus, a combination of both Euclidean (e.g. PCA) and Mahalanobis (e.g. LOA) distances 
may result in better complementary perspectives of the same phenomena. 
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Additionally, discriminant functions can provide tests of significance about the position of 
group centroids in similar fashion as other methods specifically designed with this purpose in 
mind (e.g. MANOVA) (although Williams [1983] maintains a rather different perspective on this 
issue). Hence, LOA can be seen as a graphic representation of multivariate analysis of variance 
(MANOVA), where large distances among centroids in canonical space often reflect low P-values 
in MANOVAs, but may not be sufficient to establish biological significance upon real differences 
in species. Population means may be judged to be far apart when groups are truly similar (Lande, 
1980; James and McCulloch, 1990). This is because the distances in the canonical space 
generated by a LOA follow a mathematical maximization algorithm, and are built on the optimality 
criterion "to maximize among-group variance relative to within group variance" (Stevens, 2002; 
Williams, 1983). Thus, discriminant functions tend to get the most out of the distances among the 
discriminated group centroids. This is the reason why the distance among population means (or 
group centroids) may be judged to be large, even in cases where the groups are similar. Thus, 
the Mahalanobis 0 2 distance of canonical discriminant space must not be interpreted in the same 
way as the Euclidian distance provided by ordination methods such as principal component 
analysis (James and McCulloch, 1990). In the case of Mantilla-Meluk and Baker (2006), however, 
the distances among centroids along the discriminant canonical vectors are somewhat redundant 
information of maximized distances relative to the within-group variance of groups identified by 
the same characters used to estimate the discriminant functions (i.e. greatest skull length and 
highly correlated characters such as total body length and mandible length). As a consequence, 
these distances must be regarded with considerable skepticism as evidence favoring the 
existence of two independent evolutionary entities. 
LOA can also assist in establishing the relevance of attributes for the differentiation of 
groups by assessing the estimates of weights and loadings in each canonical vector. LOA may be 
used in its "descriptive" phase to interpret major multivariate axes of differentiation among 
species. However, such an interpretation is absent in the work of Mantilla-Meluk and Baker 
(2006), who focus instead on the distances among groups as evidence for species. Moreover, 
97 
"descriptive" LOA must be conducted only when one is aware of the meaning and geometry of the 
distances and groups depicted in canonical space (Huberty, 1994). Even for those cases in which 
LOA suggests no boundaries among putative groups, its interpretative power can still be useful. 
However, this is nowhere near the case given the distribution of data for skull and length of 
forearm shown in Table 3 of Mantilla-Meluk and Baker (2006). Neither dispersion estimates, nor 
statistical contrasts are provided, but it is enough to observe the range to be certain of the large 
overlap in character states among the putative species suggested by these authors. 
Thus, it is not reasonable to affirm that the delimitation of groups provided by the 
apparent separation of "morphometric isolines" was confirmed by the distance represented in 
discriminant functions built from the same variables (i.e. all variables are morphological and 
highly correlated) previously used for the a priori identification of samples (i. e. morphometric 
isolines). This is a clear example of circular reasoning with an ending far from a distinct 
assessment of putative groups in terms of similarity and variation This is probably the most 
serious problem in the methodology used by Mantilla-Meluk and Baker (2006) in their attempt to 
recognize geographic structure in the 33 samples of Anoura from Colombia. In other words, it is 
not possible to "test for the statistical significance of geographic morpho-groups suggested by the 
analysis of morphometric isolines" (Mantilla-Meluk and Baker, 2006) by using an analytical 
technique for the discrimination of groups without mentioning at least the P-value of a generalized 
MANOVA, ANOVA or T2 (the statistical significance of the first canonical function for the case in 
discussion). Additional parameters of confidence upon the degree of overlap and distance among 
character means (e.g. Cohen's effect size [Cohen, 1988]) are also lacking in the work of Mantilla-
Meluk and Baker (2006). Also, there is no information regarding the APER or the jackknifed 
estimated actual error rate (sensu Lance, 2000), a measure of the taxonomical degree of 
differentiation among putative species. 
Finally, it is still necessary to test the stability and extent of variation on the "hairiness" of 
the uropatagium, suggested by Mantilla-Meluk and Baker (2006) as a unique feature providing 
evidence for the existence of A. aequatoris as a species. For example, Handley ( 1960) 
highlighted the uropatagium reduced to a "densely furred" narrow band, whereas Nagorsen and 
Tamsitt (1981) did not place the same emphasis in the description of this character. This shows 
the need for quantifiable methods to assess variation in these apparently discrete characters. 
3.1.4. The dilemma of species descriptions 
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It is not known how many specimens where available to Geoffrey-Saint-Hilaire, (1818) for 
his description of Anoura caudifer. The characters delimiting this species are explained in general 
and broad terms for the whole group of "glossophages". The author presented a key to the new 
species, in which he highlighted a "very small" interfemoral membrane with a protruding tail. This 
character is also depicted in the plate for the species. However, a gripping fact of historical 
relevance is the contradictory statements between Muchhala et al. (2005) and Geoffrey-Saint-
Hilaire (1818) upon the presence or absence of protruding tails. According to Muchhala et al. 
(2005), the tail is "normally absent or rudimentary" in other Anoura, but "protrudes beyond the 
edge" for the new species A. fistulata. This contradiction in the nature of character states is a 
strong indication for the need of quantitative approaches in a statistical context to the study of 
boundaries among taxa, species, or geographic groups. These opposing views on the properties 
of particular characters are a vivid consequence of using the wrong approach to the study of 
continuous traits from qualitative perspectives. The presence or absence of a tail, together with 
the size of the calcar and the state of ossification of the zygomatic arch have been previously 
pointed out as dubious characters for establishing limits among species in Anoura (Tamsitt and 
Nagorsen, 1982). Moreover, accuracy on the length of the tail would require examination of fresh 
or at least alcoholic specimens (Arroyo-Cabrales and Gardner, 2003). In any case, Cadena et al. 
(1998) also emphasized on the presence/absence of tails, remarking on A. caudifer and A. 
cultrata as tailed, and A. luismanueli, A. geoffroyi, and A. latidens as tailless species. The number 
of vertebrae or the length of the tail must be assessed in a quantitative and statistical framework 
to solve this puzzling issue. 
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It is worth revisiting the account by Nagorsen and Tamsitt (1981) about the number of 
individuals involved in the delimitation of species at the moment of their description, which in the 
majority of cases is extremely limited. Only five specimens were used to establish the existence 
qf Anoura brevirostrum (differentiated by small size and absence of tail), two for A. werck/eae 
(recognized by pelage color and minor dental and cranial characters) and eight for A. cultrata 
(characterized by its greately enlarged first lower premolar). Interestingly, the robustness of the 
species hypothesis for A. cultrata relies in the strong character rendered by the size and shape of 
~he first lower premolar (Tamsitt and Nagorsen, 1982). In addition to bringing to light spurious 
claims upon the existence of some species, Nagorsen and Tamsitt (1981) found evidence for: 1) 
A. cultrata is unique in having a first lower premolar "enormously enlarged and bladelike", the 
other premolars reduced in size, and enlarged canines relative to other species. 2) The exclusive 
presence of sexual dimorphism in A. cultrata, relative to other species in the genus. 3) 
Considerable variation of qualitative characters with extensive overlap among A. brevirostrum, A. 
werck/eae and A. cultrata. 4) Clinal variation in size with the largest individuals of A. cultrata in 
Central America, and the smallest in Peru. 5) Large variation in pelage coloration with no 
definitive patterns among species or geographic localities. 6) A. cultrata similar in size to A. 
geoffroyi, but larger than A. caudifer. However, the effects of clinal variation provide variability in 
this context, with considerable overlap in size, especially in Peru and Colombia, relative to 
Central America (increasing size from south to north). 7) Complete zygomatic arch in A. cultrata 
and A. caudifer, but not in A. geoffroyi. 
There are some important points that are necessary to emphasize from the previous 
morphological descriptions. First of all, it is crucial to highlight the presence of what seems to be a 
truly discrete character with binary states in the presence or absence of a large dental piece 
allowing establishing a sharp boundary among species. These sharp transitions in character 
states between closely related species are probably rare in bats, at least in such a qualitative 
fashion, almost certainly from a quantitative perspective. Second, and perhaps an equally sharp 
r.nsition of character states, the absence or presence of sexual dimorphism depending on the 
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species. Third, it is important to stress upon the inconsistency of many apparently discrete 
characters for the delimitation of species, such as in the case of the specious A. brevirostrum and 
A. werckleae. In the words of Nagorsen and Tamsitt (1981): "none of the eight characters was 
invariant in all specimens, and several characters were highly variable" (i. e. characters such as 
"hypoconal basin present (A) or absent (B) on M2"). This discrepancy in the consistency of 
character states for delimiting both putative species was previously called into question by Phillips 
(1971) and Handley (1984). Fourth, the large variation in pelage coloration, which was not 
quantified but at least tabulated in various categorical values by Nagorsen and Tamsitt (1981), 
should be a voice of warning against the innumerable taxonomic accounts and species 
descriptions committing large quantities of text in purely verbal rhetoric of bloom, shadow and 
blush for means of species delimitation. For example, Hubbard (1999) provided a strong and 
clear critique to this kind of approach into the study of species boundaries. Color can and must be 
quantified as has been shown by a number of studies (e.g. Villafuerte and Negro, 1998; Sumner 
and Mollon, 2003; Stevens et al., 2007). Finally, circumstantial evidence for clinal variation in 
size can be found by comparing the values provided by Handley (1960) for his holotype A. 
cultrata and the table in Muchhala et al. (2005). Both Nagorsen and Tamsitt (1981) and Tamsitt 
and Nagorsen ( 1982) invested a large portion of their papers to verbal descriptions of skull and 
dental shape in an effort to delimit A. cultrata from other species in the genus. I suggest that all 
characters states, verbally described by the authors, should be quantified and compared among 
taxa in order to establish their validity and nature, and therefore the legitimacy and temperament 
of species limits and species ontologies. 
Anoura cultrata was recognized as a species on evidence from eight specimens. No 
quantitative assessments of variation in character states were included in the work of Handley 
(1960). Exceptionally for the genus, this might be the only case in which such approach was not 
required, owing to the presence of an easily recognizable discrete character state. The size of the 
lower first premolar seems of such unique nature that it may not justify the test of its stability and 
distribution by statistical methods; However, Wiens and Servedio (2000) suggest a more rigorous 
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quantitative approach to diagnose the fixation of character states. Other character states 
mentioned are more obscure in nature, and would likely require additional tests to assess their 
stability, distribution and overlap relative to other taxa. Moreover, multiple lines of evidence (e. g. 
genetic) will support or weaken the species hypothesis. 
Anoura latidens, on the other hand, is described by the largest sample of specimens for 
any description of the genus (n = 1 05), and was recognized by the enlarged and robust upper 
premolars. Handley (1984) provided means and dispersion estimates for a number of characters. 
It is important to note, however, that a large portion of the character states measured by Handley 
(1984) overlapped with A. geoffroyi, with no statistical evidence for real distances among means. 
Also, there was no quantifiable description of the magnitude and geometry of the premolars and 
other parts of the skull as being diagnostic. The shape and size of the upper premolars, 
apparently distinct for A. latidens, remain in the realm of the verbal description, but represent 
excellent material of study to assess overlap and variation in the context of other species such as 
A. geoffroyi, with which A. latidens shares size and other character states in common. Moreover, 
it will be difficult, if not impossible, to classify with full certainty an individual in either A. /atidens or 
A. geoffroyi without a previous assessment of variation in quantifiable grounds of the 
morphological characters suggested as diagnostic. For example, Lim and Engstrom (2001) 
classified a single individual into A. /atidens by a comparison of its measurements and subjective 
opinions upon the shape of the skull to the original description of Handley (1984). With this 
evidence at hand, they broadened the distribution of A. latidens into Guyana. Given the large 
overlap in size and poor knowledge on the variation in the shape of the skull, remarks of the kind 
made by Lim and Engstrom (2001) must be regarded with a generous amount of doubt. The 
same could be true for the case of Solari et al. ( 1999). Thus far the delimitation of A. latidens 
remains in the realm of a verbal description and thus reflects a subjective appreciation of the 
authors. With no consistent quantification of the characters mentioned by Handley (1984), and 
sound comparisons of variation in statistical grounds, doubts upon claims of species identities are 
not only reasonable but mandatory. If possible, species descriptions and classification of 
individuals should be performed under the rationale dictated by hypothesis testing, and the 
objective measurement of each character state in question. 
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The description for Anoura luismanueli was based on 48 individuals (Molinari, 
1994) and 31 measurable characters. As usual, size was the major criterion in the alleged limits 
of this species relative to others. Additional characters included a densely furred semicircular 
interfemoral membrane, and a noticeable tail with protruding tip. The reader who has gone 
through the previous paragraphs, these combinations of characters and sample size should be 
seen as suspicious. Molinari included a concise description of the shape of the skull, highlighting 
a considerable amount of intra-sample variation, but in a fully verbal fashion. Again, I emphasize 
the need for tangible, sensible and explicit quantifiable evidence. There is little benefit from 
affirmations like "dentition gracile" or "canines weak" if we do not include a commensurable 
estimate of such shape and its variation in terms of species delimitation. For example, Molinari 
( 1994) placed emphasis on the shape of the third upper premolar as evidence for A. /uismanueli 
against A. geoffroyi and A. latidens. The size and shape of this dental character has been 
previously observed to have considerable variation within A. geoffroyi by Phillips (1971). 
Particularly, the shape of the postero-lingual shelf, which in some specimens is "wide and broad", 
and in others is "considerably reduced". In contrast to the affirmations of Molinari (1994), Phillips 
did not refer to the shape of this dental character as being invariable in morphology. This is a 
highly variable character that demands an explicit approach into the quantification of shape and 
size in terms of palpable ciphers, not just personal appreciations expressed by means of 
adjectives. 
Being an ostensibly small species, A. luismanueli will naturally tend to overlap in its 
diagnostic characters with A. caudifer. The large majority of characters (24) overlap in range 
between both taxa; however, differences in means in most of them are significant, meaning at 
least that the central tendencies of each character state between both species may be truly 
different (Molinari, 1994). The distance between means (effect size) is also large in Cohen's 
(1988) standards. Although Molinari (1994) did not assess the statistical nature of these 
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differences, they nevertheless are worthy of consideration. From Molinari's comparisons of A. 
luismanueli against other sample sets assigned to A. caudifer, it is clear that he sought for sharp 
boundaries with little or no overlap in characters states, but was confronted with evidence of 
several small overlapping populations of Anoura previously assigned to A. caudifer (Table 1 ). 
Morphological data generously provided by Alfonso Molina for specimens of A. caudifer from 
Ecuador yields estimates in the range of A. luismanueli for the length of both the skull and 
forearm. Still, A. luismanueli remains the smallest group for most contrasts. Could it be possible 
that A. luismanueli represents a subsample on the lower tail of the distribution of character states 
for A. caudifer'? Or is it truly a separate evolutionary lineage? What is the most parsimonious 
answer? Interestingly, many of the skull shapes or character states described in Molinari (1994) 
may be related to the overall size of the skull, and therefore may be affected by the same 
problems of subjective particularization exposed in this and previous paragraphs. In any event, 
additional lines of evidence are necessary for those characters suggested by the author as 
important in delimiting A. luismanueli, especially in the context of the normal variation for A. 
caudifer. 
Table 1. Contrast between Molinari's A. luismanueli and three groups of A. caudifer41 
(1) Tamsit and Valdivieso's Andean, (2) Tamsit and Valdivieso's Amazonian and (3) the sample available to the current study. The original 
data used in the current study was provided by Alfonso Molina. Numerical values are in millimeters and are shown in the following order: mean ± 
standard deviation, sample size, range (in parentheses), P-value against Molinari's group [in brackets] and effect size. 
A. luismanueli versus A. caudifer 
A. fuismanueli in Molinari (1994) A. caudiferin Tamsit and Valdivieso (1966) 
Character Andean Amazonian 
Forearm lenght 35.0 ± 1.47, 39 36.4 ± 1.11, 23 (34.0-38.1) 5.5 ± 0. 76, 20 (33.5-36. 7) (33.6-36.9) [S0.001) 1.21 [=0.16] 0.45 
3rd metacarpal length 33.2 ± 1.69, 41(30.0- 36.4 ± 1.05, 18 (34.3-38) 35.7 ± 1.25, 20 (33.0-37.8) 35.2) [<0.001] 2.61 [<0.001] 2.01 
4th metacarpal length 31.8 ± 1.92, 41 34.3 ± 1.2, 16 (32-36) 33.8 ± 1.16, 20 (31.5-35.8) (29.6-33.9) [<0.001) 1.9 [<0.001] 1.55 
5th metacarpal length 26.9 ± 2.06, 41(24.0- 29.6 ± 1.14, 1 6 (27.2-30.7) 29.2 ± 0.95, 20 (26.5-30.5) 29.5) [<0.001] 2.01 [<0.001]1.76 
Cranium length 21.0 ± 0.54, 36 22.2 ± 0.11, 12 (21.5-22.8) 22.4 ± 0.49, 18 (21.6-23.3) (20.4-21.6) [<0.001] 1.82 [<0.001] 1.94 
Condylobasallength 20.3 ± 0.6, 36 (19.6- 21.6 ± 0.34, 7 (21.2-22) 21.6 ± 0.38, 16 (21-22.1) 20.9) [<0.001) 1.73 [<0.001]1.78 
Braincase breadth 8.8 ± 0.35, 36 (8.5- 8.8 ± 0.27, 12 (8.5-9.4) [S1) 8.8 ± 0.19, 16 (8.2-9.0) [S1), 9.2) 0.0 0.0 
Maxillary tooth row length 7.8 ± 0.41, 36 (7.3- 8.2 ± 0.32, 11 (7.8-9) 8.1 ± 0.45, 14 (7.9-8.5) 8.2) [S0.005) 0.64 [S0.03) 0.47 
41 Original data for the current study provided by Alfonso Molina. 
A. caudifer in current study 
35.73 ± 3.24, 161 (29.9-
45.3) [S0.172) 0.43 
22.10 ± 1.03, 167 (20.17-
26.53) [<0.001] 1.13 
.... 
~ 
105 
Again, the hairiness of the uropatagium appears into the scene, with A. /uismanue/i 
having a noticeably dense fringe of hairs along the free edge of the interfemoral membrane, in 
contrast to a naked A. caudifer (Molinari, 1994). Hair is also "moderately" abundant and very 
dense in the dorsal and ventral regions of this membrane for the former species, in contrast to a 
totally or almost totally naked membrane for A. caudifer (Molinari, 1994). It would have been 
useful to have at least some visual references to these descriptions. My own fast and minimal 
random survey on this particular character shows that A. caudifer from Ecuador overlaps 
completely with A. luismanueli in the hairiness along the free edge of the uroptagium (Fig 3). To 
me, Figure 3 shows a dense fringe of hairs along the border of the uropatagium for A. caudifer, at 
least it is not naked. But how many individual hairs are needed for a densely furred uropatagium 
anyway? This last problem is pertinent to the Sorites paradox in classical philosophy (Cargile, 
1969), related also to the imprecision of language (Tye, 1994; Hey, 2001a, b), and begging for 
quantifiable approximations. In light of the large variation and poor understanding of the 
characters related to the uropatagium, caution is advised at the moment of using this anatomical 
body part for species discrimination, at least within Anoura. 
Q2747 (33.18) Q2781 (34.36) Q2572 (35.07) Q675 (35.34) Q2559 (35.47) 
Q2403 (35.73) Q2681 (35.92) Q223 (35.94) Q2735 (38.72) Q2554 (38.77) 
Figure 3. The hairiness of the interfemoral membrane in A. caudifer in Ecuador 
Ten randomly selected individuals show that this character state overlaps with that described for A. /uismanueli. Forearm length is shown in 
parenthesis, next to the museum catalog number (QCAZ). 
...... 
0 
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Muchhala et al. (2005), relied on 16 individuals for the delimitation of A. fistulata against 
25 A. caudifer, 25 A geoffroyi, and 10 A. cultrata. Still, the sample size used in their descriptive 
comparison of measurements included an assortment of values never reaching 14 individuals, 
except for forearm length (n = 19) in A. fistulata. Although the authors did not include a single 
statistical test for assessing the distance among character states, a large portion of these 
variables show large statistical differences with low P-values, as I could determine after 
reanalyzing their data based on the central tendencies and dispersion parameters that were 
provided (Table 2). Also, the effect size on the majority of these statistical contrasts is large 
(sensu Cohen, 1988), suggesting biological meaningful differences between groups. It is 
important to highlight that the largest indexes of effect size, apart from body length and body 
mass, are those related to the length of the skull and mandible. Other possibility for this pattern is 
the positive correlation detected between measurement error and landmarks which are closer 
relative to those that are further apart (Polly, 1998). Such relatively large differences might be in 
conformance with the extreme length of the tongue argued as a unique feature in A. fistulata. 
Notwithstanding, their study could have been more informative by a comprehensive analysis of 
the spatial relationships of the species in morphospace. The authors explained by means of 
visual comparisons that the cranium and mandibles were similar in shape to those of A. caudifer. 
Other important characters assisting in the delimitation of this species were body size (1 0% larger 
than A. caudifer in forearm length and other characters), and a tail extending beyond an 
uropatagium with a unique V-shaped margin. Surprisingly, this last character was also mentioned 
as being present in A. geoffroyi and A. cultrata by Tamsitt and Nagorsen (1982), but with A. 
caudifer being the only one with an interfemoral membrane that is semicircular in shape. Beyond 
every other character, it is a protruded lower lip and the largest recorded tongue for any other 
species of bat what distinguishes A. fistulata from all others (Muchhala, 2006). I suggest that a 
quantitative analysis of these characters, perhaps enlightened by molecular information, will 
provide new insights about the evolutionary nature of this recently discovered species. 
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Table 2 . P-values and effect size of a contrast between species42 
A. fistulata vs. A. caudifer 
Character P-value Effect size 
Total length <0.001 4.97 
Tail length S0.089 0.84 
Hind foot length =0.09 0.85 
Ear length <0.001 1.97 
Forearm length <0.001 1.77 
Body mass <0.001 2.61 
Total skull length <0.001 2.84 
Condylobasal length <0.001 3.45 
Zygomatic breadth S0.13 0.93 
Postorbital breadth <0.001 0.8 
Braincase breadth <0.001 1.4 
Palatal length S0.05 0.92 
Maxillary tooth-row length <0.001 1.96 
Mandible length <0.001 3.41 
Mandibular tooth-row length <0.001 1.49 
Breath across molar S0.07 0.57 
Breath across canines <0.001 1.85 
42 Original data from Muchhala et al. (2005) 
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Finally, the latest description for Anoura cadenai was based on thirteen specimens 
(Mantilla-Meluk and Baker, 2006); although not all specimens were included in their analyses. For 
example, nine individuals were included in their LOA, an approach suffering from serious 
methodological flaws as mentioned before (p. 93). Size was the major cue used by the authors in 
separating the new species from the stock of putative A c. aequatoris. In any case, there are a 
number of clearly conflicting assertions in the delimitation of this allegedly new species. First, the 
authors failed to include a single assessment of statistical value relative to the variance and 
distance among and within the supposedly discrete diagnostic characters states. Second, no 
estimates of central tendency or dispersion were given, except for largely overlapping ranges 
among the various species or taxa considered. Third, no comparisons were made with a 
representative sample of A geoffroyi, a well-known taxon of larger size to A caudifer and 
reported many times in Colombia (e. g. Cuartas-Calle and Munoz-Arango, 2003; Marin-Vasquez 
and Aguilar-Gonzalez, 2005). If the authors were focusing on a sample representing a possible 
new species, larger in size than A caudifer; then, they should have compared their sample 
against A geoffroyi, a common and well-known larger species. Fourth, the authors commented 
on the shape of the upper canines, specifically "the presence of the sulcus on the upper canines" 
as a discrete and fixed character state. Phillips (1971) has previously mentioned that "there is a 
shallow longitudinal groove on the anterior-facing surface that is specifically variable" for the 
upper canines in Anoura geoffroyi. A geometric or spatial approach to the study of biological 
shape in the fashion of thin plate spline applications (e.g. Pavlinov, 2001 ), Fourier analysis (e.g. 
Bailey and Lynch, 2005) or geographical information systems (e.g. King et al., 2005), benefiting 
from visual estimates of this and other similar kind of characters, will be of much use in this kind 
of conflicting situations. Finally, the authors extended into a verbal description of color and shape 
without recurring to commensurable estimates, leaving large room for legitimate doubt about the 
validity of their claims. 
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3. 1. 5. Final remarks 
Size seems to play a key role in the evolutionary change of the species in Anoura, 
perhaps in direct relation to ecological segregation (Muchhala and Jarrin-V., 2002). Size has also 
been shown to vary in clinal trends (Nagorsen and Tamsitt, 1981 ); and therefore could be a 
source of misinterpretation in regard to species boundaries, especially if its measurement is not 
approached through appropriate quantitative and statistical perspectives (e.g. Cardini et al., 
2007b; Harcourt, 2007). 
It is possible to recognize the existence of at least one truly discrete character that sets 
clear boundaries between A. cultrata and the rest of recognized species in this genus. This 
character, the presence of a distinctive large first premolar on the jaw, differentiates A. cultrata 
from all other described species so far and demands further studies of its evolutionary and 
ecological implications. Despite its apparent discreteness, I consider worthy a quantitative 
analysis of the size and shape of this dental trait. It could show interesting properties once it is 
interpreted in the context of quantitative morphospace (e. g. Navarro et al., 2004). 
So far, our inability to explain in clear terms the variation, overlap and limits among 
species in Anoura is an unmistakable call for multiple lines of evidence and alternative 
perspectives. Only in the light of genetics, biogeography, ecology and behavior will morphology 
reach higher levels of interpretation and value. 
Overall, the large contradictions and dubious conclusions regarding alleged discrete 
characters -perhaps truly continuous but subjectively conceived in qualitative contexts (sensu 
Thiele, 1993)- are the outcome of maintaining the verbal tradition in species descriptions and 
ignoring a wide range of current available tools in both statistic theory and technological 
instrumentation. Measuring the properties of closely related evolutionary entities, such as 
congeneric species, cannot be accomplished by eye alone. To be an accurate approximation to 
reality, species delimitation must be quantified and tested within the framework imposed by the 
philosophy and practice of scientific inquiry. Species must be regarded as hypotheses about the 
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distribution of character states (Wheeler, 2004) in full concordance with the hypothetic-deductive 
method (Popper, 1934). Wheeler's (2004) argument, as that of other authors such as Sites and 
Crandall (1997), is partially based on the obvious impossibility of accessing the totality of 
individuals from a population to describe in absolute terms the extent and limits of variation in the 
group of interest. Thus, a limited sample is used from which hypothesis are derived and their 
predictions tested. Rigorous tests are obviously desirable if we want to avoid the risk of settling 
on purely literary accounts influenced by personal perspectives of color, size and shape of the 
evolutionary entities we try to delimit as species (Hey et al., 2003). 
3.2. Morphological variation in Anoura fistulata relative to conspecific and 
sympatric species in Ecuador43 
3. 2. 1. Overview 
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The original description for Anoura fistulata was largely qualitative. Here I make a 
quantitative reassessment of morphological variation in skull shape for this and other related 
congeneres. The goal is to provide a perspective from morphospace for understanding the 
boundaries and extent of variation within and among the species of Anoura occurring in Ecuador. 
This is the first study to use geometric morphometric techniques for Anoura and to analyze 
variation in shape and size from a strictly quantitative perspective. My results show that despite 
its singular differences in soft-tissue anatomy, the distribution of samples for A. fistulata suggests 
that this species may be occupying available intermediate morphospace between A. geoffroyi and 
A. caudifer. The two latter species share opposite regions of morphospace, providing a 
framework for possible variation in size, and are distinguished mostly by a contraction of the 
maxilla and a contraction of the braincase respectively. Although size is the primary factor 
influencing boundaries among species; for A. cultrata shape seems to be of comparatively higher 
relevance, as it is remarkably different in the geometric configuration of the skull. The other 
species are all similar in shape when size is included as a cofactor, providing an isometric pattern 
of differentiation. An unusual group of individuals may require further study as a potentially 
unknown species, as it falls in unexpected areas of morphospace, shares unique properties in 
how size interacts with the shape of the skull, and has mixed characteristics of both A. caudifer 
and A. geoffroyi. Despite a pattern of landmark variation that suggests possible modular 
integration at different regions of the skull, a test for modularity between the post-maxillary region 
43 A version of this chapter has been currently submitted to Acta Chiropterologica and is 
under peer-review. 
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and the maxilla provided no evidence to support this hypothesis. Populations of A. geoffroyi from 
the western and eastern slopes of the Andes show statistically acceptable differences in most of 
the measured morphological traits. This, however, is not true for A. caudifer. Moreover, the sense 
or orientation by which morphological variation changes between both species is inverted with 
respect to western and eastern habitats. This results in a marked interaction between the two 
slopes of the Andes and these two species in Ecuador. The ecological and evolutionary 
significance of this relationship remains to be properly understood. Eastern populations of A. 
geoffroyi and A. caudifer seem to be morphologically closer than western populations. A. 
geoffroyi possesses a larger altitudinal range and a larger body size, a relationship that may 
correspond to the role size as a buffer to extreme or highly variable environments. The statistical 
distribution of size-mediated differentiation in Anoura is briefly discussed in the context of diet and 
habitat. 
3. 2. 2. Reviewing the qualitative knowledge of variation in Anoura 
A preceding study (Jarrrn-V. and Kunz, 2008) discussed the drawbacks that a qualitative 
interpretation of character state variation may have for the diagnosis of species in Anoura. Jarrin-
V. and Kunz (2008) suggested that a quantitative approximation to the study of boundaries 
among species could provide a deeper understanding of previously unknown patterns of 
variation. Herein, I make a quantitative reassessment of the cranial variation that was qualitatively 
described by Muchhala et al. (2005) for A. fistulata, in the context of other sympatric species 
within the genus. This is the first approach to the study of variation in Anoura from a geometric 
and multivariate perspective. 
Apart from what appears to be a remarkable set of differences in soft anatomy, such as 
an exceedingly long tongue and lower lip (Muchhala, 2006), and by means of qualitative 
comparisons (i.e. a visual assessment), the original description for Anoura fistulata affirmed that 
the cranium and mandible in this species were similar in shape, but not size, to A. caudifer 
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(Muchhala et al., 2005). I predict that a quantifiable interpretation of shape variation, when 
controlled for size variation, will overlap between both A. caudifer and A fistulata. Concurring with 
the observations made by Muchhala et al. (2005), differences in size between A. fistulata and A 
caudifer are comparatively large in those characters related to the skull and mandible, as has 
been estimated by effect size (sensu Cohen, 1988) and P-value indexes (Jarrin-V. and Kunz, 
2008). As a consequence, it seems that, relative to the rest of the sister taxa, A fistulata and A. 
caudifer are most similar in the shape of the skull, but the former is larger in overall size. This 
relationship between size and shape, for both A. fistulata and A. caudifer, may be interpreted as 
an isometric pattern of differentiation among species (sensu Klingenberg, 1996). It remains to be 
determined if a geometric descriptor of size, such as the centroid size of a geometric 
configuration of landmarks in the skull, confirms that shape remains unchanged by a 
corresponding change in size. Also, Muchhala et al. (2005) affirmed there is no overlap in terms 
of lenght of forearm between A. fistulata and A geoffroyi or A latidens, with only slight overlap on 
A. cultrata. 
In this chapter, I provide additional information about the morphological boundaries in 
Anoura fistulata, relative to other closely related and sympatric taxa, within the overall framework 
provided by statistical estimates of size and shape along multivariate vectors. In particular, I 
tested how shape and size are distributed among the various species in morphospace. I also 
tested how distinct A. fistulata is in morphospace and where and how its morphological 
boundaries should be drawn. Is the relationship between A. fistulata and A. caudifer one of 
isometric differentiation as suggested by Muchhala et al. (2005) from a qualitative perspective? In 
other words, is it true that, at a constant size, the skull between A. fistulata and A. caudifer is the 
same in shape? Given the remarkable characteristics in the lower lip and tongue of A. fistulata 
(Muchhala, 2006), are there corresponding differences in the geometry of the skull; such as a 
remarkable and extreme distribution in morphospace? How truly distinct in quantitative terms is A. 
fistulata from the other species of Anoura in Ecuador? What is the scale and direction of 
morphological differences for the different congeneres? Finally, Muchhala et al. (2005) suggested 
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that the largest species, Anoura geoffroyi, occurs at higher elevations relative to A. caudifer, A. 
cultrata and A. fistulata. Given the availability of quantitative estimates of variation in shape and 
size for these species, I tested if any patterns of correlation with elevation and geographic 
distribution are evident and statistically sound. 
3.2.3. Methods 
Qualitative systems of classification are inherently subjective (Jarrin-V. et al., 201 0). In 
this sense, the choice of an appropriate tool for morphological discrimination among species in 
Anoura is problematical owing to the noticeable contradictions among authors. For example, amid 
a set of qualitative aspects, Gardner (2008) argued that the length limit for the skull in A. caudifer 
is 22 mm. By contrast, Tamsitt and Nagorsen (1982) suggested the length limit was at 25 mm. A 
preliminary assessment of the distributional properties of this and other characters in 
morphospace provided more confidence in the results published by the latter authors. The 
difference in opinion between the two groups of authors represents, according to the following 
assessment of variation, a shift in perception that affects roughly half of the samples in A. 
caudifer. As will be noted in the results section of this study, the center of gravity or multivariate 
centroid, as well as the extent of dispersion, for the distribution of each species in multivariate 
space, conforms better to the boundaries suggested by Tamsitt and Nagorsen (1982), than those 
by Griffiths and Gardner (2008). Thus, for the classification of samples prior to the analysis, I 
followed the boundaries in quantitative characters as suggested by the earliest study. 
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Figure 4. Map with the localities of samples used in this chapter. 
A total of 327 samples were available for analysis (Appendix 1 ), distributed as follows: 
Anoura caudifer n = 166; A. geoffroyi n = 144; A. cultrata n = 9; A. fistulata n = 8. A map is 
included to highlight the geographic extent of the study (Figure 4). The specimens considered 
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herein where collected from a wide range of environments and gradients, spanning nearly three 
decades of sampling efforts in Ecuador. Sample size may differ slightly between statistical tests 
owing to a few missing values, but it is shown in every case. There is great risk of reaching 
spurious conclusions when working with small sample sizes, such as those for A. cultrata and A. 
fistulata. Yet, I think that placing this limited sample within the overall space of variation provides 
important insights regarding the morphological boundaries of the species. I am careful, 
nevertheless, not to overextend my analyses beyond the limitations of the available data set. Not 
all the skulls for A. fistulata were available for this analysis, because a few specimens remain 
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preserved in alcohol, and these skulls were not removed for measurement. The extraction of the 
skull for these specimens may have damaged facial structures and soft tissue traits (e.g. the 
tongue) in what is already a very limited collection of samples; hence, I restrained from such 
practice and limited my analysis to the available data cranial data from standard museum 
specimens. 
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Figure 5. The location of homologous landmarks (a) and the observed variation in landmarks 
(b) for 327 samples in Anoura after a GPA. 
The samples used herein are currently housed at the following museum collections: 
Departamento de Ciencias Biol6gicas, Escuela Politecnica Nacional, Quito (EPN); Museo de 
Zoologia, Pontificia Universidad Cat61ica del Ecuador, Quito (QCAZ); and Museo Ecuatoriano de 
Ciencias Naturales, Quito (MECN). All inter-landmark measurements were recorded to the 
nearest 0.01 mm with a Fowler Sylvac Ultra-cal IV digital caliper. The morphometric analysis was 
based on a total of 25 landmarks on the ventral side of the skull (Figure 5). Skulls were digitized 
with a flatbed scanner at a resolution of 300 pixels per inch. Analyses also included the length of 
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the forearm (FA), from elbow to carpals, and the length of the skull (GLS), from the exterior edge 
of the upper incisors to the posteriormost back of the skull. Transforming the available data to 
logarithms did not improve the results of tests for normality and homoscedasticity, with P-values 
for these tests relatively low and similar (P<0.05). Here I use untransformed variables. 
All skulls were manipulated and digitized under the same conditions of focal distance, 
light and orientation to reduce sampling error during the digitizing of images. The isometric 
component of size variation is known as centroid size (CS). This variable was obtained after 
determining shape vectors by a Generalized Procrustes Analysis (GPA) (Rohlf and Slice, 1990). 
To reduce bias due to developmental variation, only adult individuals were considered for 
analysis, recognized by the absence of cartilaginous epiphyseal plates in wing and finger bones 
(Anthony, 1988). 
The geometric morphometric analysis was based on the variation of the skulls as 
captured by the configuration of landmarks. A GPA (Rohlf and Slice, 1990) was followed by the 
estimation of partial and relative warps (RWs). The uniform component was included in the 
estimation of RWs by keeping the a parameter null (Rohlf, 1993) and subsequently estimated by 
the complement method (Rohlf and Bookstein, 2003). Aligned specimens were size-scaled to unit 
centroid size (Dryden and Mardia, 1998a). Specimens were projected onto the tangent space by 
an orthogonal projection. 
The observed variation in the landmarks of the skull suggested a possible pattern of 
modularity (i.e. concerted variation among landmarks at different sections of the skull) between 
the post-maxillary region and the maxilla and teeth. Thus, a modularity test was performed, 
following the principles of Escoufier's Rv coefficient (Klingenberg, 2009). The statistical relevance 
of the observed coefficient of covariation, between morphological regions of the skull, was 
estimated in the context of the frequency distribution provided by the sampled covariation in 
50.000 randomly selected contiguous partitions of landmark configurations. 
The distribution of samples in morphospace was assessed by bivariate linear regressions 
between size and shape variables (i.e. FA, GLS, CS, RW I and RW II). The overall effect on the 
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former morphological variables by species (the four species of Anoura), sex (females or males) 
and geographic region (western or eastern cloud forests) was estimated through a general lineal 
model (GLM). I used Pillai's trace statistic (PT) as an estimate of probability for the observed 
multivariate effect of factors on the centroids of dependent morphological variables. This is a 
relatively robust and conservative statistic compared to others of similar kind (Olson 1974). 
Because of the limitations in sample size for A fistulata and A cultrata, a first multivariate 
analysis of variance (MAN OVA) included only species as an independent factor. Dividing the 
already small sample size for the former two species into geographic region and sex would have 
made contrasts prohibitive. 
A multivariate analysis of covariance (MANCOVA) was also considered by reducing the 
factor species to two levels (A geoffroyi and A caudifer). This MANCOVA included all three 
factors (species, sex and geographic region) plus elevation as a cofactor. However, elevation was 
discarded from the model owing to differences in the magnitude of the slope and because it 
showed negligible effects within species. This left a MANOVA model with the previous three 
factors. Main effects were assessed by simple contrasts of marginal means with a Bonferroni 
correction. Simple effects were also compared within particular levels of factors and cofactors in 
the context of relevant interaction terms. When appropriate, and complementary to P-values, I 
included estimates of effect size as partial-eta squared values (A2). Tests for the homogeneity of 
covariances and error variances are also included. Although elevation may not have an effect on 
the shape and size within each species, it may be important in the way species vary among 
themselves. Estimates for linear relationships of elevation on size and shape variables were also 
considered. 
To test the effect that size may have on shape for the morphological boundaries among 
species, I made two ANCOVAs with either RW I or RW II as regressands, species as the 
explanatory factor, CS as the cofactor and the interaction term. This is a test for possible 
differences in shape among species when accounting for variation in size (i.e. allometry). The 
shape for size differences between species were assessed as simple effects (i.e. marginal 
means) at the overall mean for CS with a Bonferroni correction. 
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The evaluation of multivariate parameters, statistical tests, and graphs were made using 
SPSS v. 17.0.0 (SPSS, 2008). The digitation of landmarks, the extraction of RWs, the visual 
estimation of the shape of the skull along morphospace (as thin plate splines) and the modularity 
test were made with TPSdig (v. 2.1 ), TPSrelw (v. 1.46), TPSregr (v. 1.31) (developed by J. Rohlf, 
Department of Ecology and Evolution, State University of New York, Stony Brook, and distributed 
freely at http://life.bio.sunysb.edu/morph/) and MorphoJ (v. 1.01 a) (Klingenberg, 2008). 
3.2.4. A quantitative scrutiny to an old qualitative view 
The majority of individuals among species conform to a linear trend of variation along 
interlandmark characters that could be interpreted as an underlying component of size (Figure 
6a- b). Anoura caudifer and A. geoffroyi occupy the extremes of size variation. In between A. 
caudifer and A. geoffroyi a morphospace exists where both species are absent or occur at low 
frequencies (Figure 6a-c). This space can be established roughly between 23.5 and 24 mm for 
the GLS, and 38 to 41 mm for the FA A. fistulata occupies this intermediate space or overlapps 
with A. caudifer. In this sense, A. fistulata appears to conform to the description by Muchhala et 
al. (2005). A. cultrata, on the other hand, overlaps almost entirely with A. geoffroyi in the 
morphospace depicted by Figure 6a, b. Descriptive statistics are reported in Table 3, except for a 
group of individuals discussed as follows. 
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Table 3. Descriptive statistics for Anoura in Ecuador. 
Data is presented as: mean [95% confidence interval around the mean] (minimum - maximum) standard 
deviation I sample size. Within the 95% confidence interval, for most cases, there is little overlap among 
species. 
Anoura fistulata A. cultrata A. caudifer A. g_eoffror_i 
Centroid size 
of the skull 1.34 [1.3-1.39] 1.43 [1.39 - 1.46] 1.28 [1.28- 1.29] (1.21- 1.49 [1.48 - 1.5] 
(103) (1.27-1.43) 0.051 8 (1.37-1.51) 0.0519 1.45) 0.041152 (1.27-1.59) 0.061145 
Length of 25.26 [25.13 - 25.39] 
the skull 24.09 [22.74- 25.45] 24.81 [24.27- 25.35] 22.01 [21.87- 22.16] (22.42-26.78) 0.81 I (21.98-26.9) 1.62 I 8 (23.9-25.96) 0.71 19 (20.17-25.75) 0.921152 145 
Length of 37.87 [36.80- 38.93] 41.27 [40.73- 43. 81] 35.67 [35.41- 35.92] 43.29 [42.94- 43.64] the forearm (36.3-40.0) 1.27 I 8 (40.1-46.3) 1.841 8 (29.9-43.1) 1.591147 (35.3-47.9) 2.051136 
RW I (10"2) 0.01 [-0.82- 8.4] (- 3.59 [2.95- 4.22] (2.03 1.01 [0.84-1.18] (-2.34- -1.23 [-1.39- -1.Q7] (-
1.6-1.3) 1.1 I 8 - 4.72) 0.8319 4.04)1.11152 3.93-1.46) 0.01 1145 
RW II (10'2) -0.71 [-1.90- 0.48] (- 2.26 [1.88 - 2.64] -0.49 [-0.63- -0.35] (- 0.37 [0.22- 0.51] (-
2.96-1.08) 0.01 18 (1.49-3,01) 0.4919 2.59-1.82) 0.861152 3.0-2.79) 0.891145 
Elevation 1804 [1680- 1928] 1262 [890 -1635] 1397 [1313 -1481] (178- 1896 [1761- 2031] 
{1725-2000) 134 I 7 {560-2200) 445 I 8 2550) 5141146 {25-3500) 823 I 145 
There is a group of individuals that occur beyond the 95% confidence interval for sample 
distribution, around the linear estimate of size variation, in a regression of CS on GLS or FA. This 
group is highlighted with a convex hull in the upper left of Figure 6a, and its distinctiveness 
remains in Figure 6b. Samples in this group share unexpectedly large values of CS relative to FA 
and GLS. Individuals on the lower right of Figure 6a, beyond the 95% confidence interval, are not 
present in the corresponding region of Figure 6b and therefore do not have the morphological 
cohesiveness that is shared by the group in the convex hull. This unusual group, composed 
mostly of individuals classified as A. caudifer, also occupies an unexpected region of shape 
space, as it completely overlaps with A. geoffroyi (convex hull in Figure 6c-d). This deviant group 
(listed in Appendix 1 as "A. caudifer, deviant") shares the interlandmark character states of A. 
caudifer, but occurs in the same region for the CS and shape of the skull as A. geoffroyi. It is, in 
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strictly morphological terms, a mixture of the characteristics of both A. caudifer and A. geoffroyi. 
This unusual group shares the length of the forearm and the skull with A. caudifer, but also 
shares the properties of shape variation attributable to A. geoffroyi. These thirteen specimens, of 
notable deviant morphological properties, belong mostly to two very close localities of western 
cloud forests in Ecuador, but there are also individuals from two eastern Andean regions. 
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Figure 6. Aspects of the morphometric space of Anoura in Ecuador. 
The group delimited by a convex hull in all plots appears to be a deviant form with mixed 
characteristics of A. geoffroyi and A. caudifer. A. fistulata falls halfway between A. caudifer and A. geoffroyi 
in morphometric space. A. cultrata, which is indistinguishable from A. geoffroyi in (a) and (b), remains highly 
distinct in (c) and (d), well beyond the 95% confidence intervals of regression estimates. 
Overall, there appears to be two distinct areas of the skull with dissimilar patterns of 
variation. Most of the individual variation in each geometric landmark appears to be concentrated 
at the post-maxillary region, as shown by the superimposition of landmarks after the GPA 
algorithm (Figure 5b). Variation around each centroid is noticeably more spread in landmarks 1-8 
and 25 relative to landmarks 9-24 (Table 4). In other words, there is comparatively less variation 
at the maxilla and dentition than the rest of the skull. Additionally, variation among landmarks in 
the post-maxillary region appears to occur mostly along an anteroposterior axis, in parallel to the 
sagittal axis; while variation at the level of teeth and maxilla appears to be influenced by random 
sampling error, in the fashion of a homogenous spread around the centroid (Figure 5). Despite 
this visual pattern, it is not possible to confidently falsify the null hypothesis for lack of modularity 
between these two regions of the skull (Rv=0.37; P=0.42). The main vectors of variation in shape 
(RWs) summarize more clearly the aforementioned pattern, between the back and front of the 
skull, as is explained next. 
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Table 4. Total variances at each landmark for aligned specimens after the GPA algorithm. 
Values are listed in decreasing order of magnitude. Landmarks 1-8 and 25 belong to the postero-maxillary 
region of the skull. Landmarks 9-24 belong the maxillary region and dentition. Variances are comparatively 
larger for the first group. 
Landmark Total Variance {104} 
7 1.2111 
6 1.1202 
8 1.0697 
5 0.958 
4 0.8143 
25 0.6612 
2 0.582 
1 0.486 
3 0.3939 
15 0.2746 
10 0.2639 
9 0.2521 
11 0.2338 
19 0.2213 
17 0.2026 
18 0.2022 
24 0.1908 
12 0.1777 
22 0.1602 
16 0.1591 
23 0.1521 
14 0.1259 
21 0.1214 
13 0.115 
20 0.1047 
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Variation in geometric size and shape along morphospace is summarized and depicted 
by CS, RW I and RW II (Fig 6c-d). CS seems to be responsible for a larger effect on the 
boundaries between both A. caudifer and A. geoffroyi. A. fistulata remains in the intermediate 
available morphospace along CS, not occupied by the former two species, but also with overlap 
(Figure 6c). The distinguishing effect that CS, and size in general (Figure 6a, b), has on A. 
cu/trata is not as relevant as is its unique shape. The latter species is remarkably distinct in the 
configuration of the skull; with high values along the scale of RW I and well beyond the border of 
the 95% confidence interval for sample distribution of the estimated linear trend of the first shape 
component (RW I) regressed on CS (Figure 6c). In terms of a particular aspect of shape (RW I 
and RW II), A. fistulata remains undistinguishable in its overall variation from either A. geoffroyi or 
A. caudifer; although, the position of its centroid is distinct from both latter species (i.e. 
statistically, it is reasonably probable it has a distinct shape at an a= 0.05) (Table 5). In contrast, 
A. cultrata occurs beyond the 95% confidence interval for values around the estimated linear 
trend of the first two components of shape (RW II on RW I; Figure 6d). It has relatively large 
differences compared to all other species. 
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Table 5. Relevant aspects of a MANOVA for size and shape (FA, GLS, CS and RW 1-11) regressed on 
species. 
Bonferroni tests between means for the four levels of species are shown only when P>0.01. Sample size for 
species is Anoura caudifer= 147, A. cultrata = 8, A. fistulata = 8 and A. geoffroyi = 136. 
Equality of error 
variances 
FA- Levene's F=4.73, df=3/295 
GLS - Levene's F=3.04, df=3/295 
CS - Levene's F=5.03, df=3/295 
P-value 
0.003 
0.029 
0.002 
RW I - Levene's F=0.87, df=3/295 0.46 
Effect size (,.e) 
__________________________________ -~W_ll_: _l:~Y~!!~~~ f:?:~~·- ~f:=~!?_~~ __________ .Q . .Q? ___________________ ------
Species- Pillai's trace=1.34, F=47.57, 
df=15/879 <0.001 0.45 Joint cetroids (MANOVA) 
----------------------------------- H'~ ;,-regressor -lias no -effect -or.-----------------------------------------
----------------------------------------------r~g-~~!l-~r:-~------------------------------------------------------Species on FA- F= 424.24 <0.001 0.81 
Species on GLS- F=336.14 <0.001 0.77 
Centroids (ANOVA) Species on CS- F=446.11 <0.001 0.82 
Species on RW 1- F=149.08 <0.001 0.6 
______________________________________ ?.P-~9~~~-9~- RYV_IJ _-: -~:=~?:~?- __________ -~9~99_1 _____________ 9~~ _______ _ 
Means (Bonferroni) for FA 
Means (Bonferroni) for GLS 
Means (Bonferroni) for RW 
I 
Means (Bonferroni) for RW 
II 
A. cultrata vs. A. geoffroyi 
A. fistulata vs A. cultrata 
A. geoffroyi vs A. cuttrata 
A. fistulata vs. A. caudifer 
A. fistulata vs. A. caudifer 
0.73 
0.96 
0.56 
0.04 
Shape configurations, in the fashion of thin plate splines, span a multivariate area that is 
summarized by orthogonal RWs. In this sense, the first two RWs are also the two with the largest 
proportion of variance explained, summarizing 37.6% of the overall variation in shape among 
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samples (Figure 6d). Individually, each dimension (either RW I or RW II) represents a particular 
aspect of variation in landmarks (Figure 7a, b); but combined, span a space of possible landmark 
configurations among species. It is along this space, particularly at the extreme values along the 
diagonal of quadrant I (Figure 7c), that A. cu/trata is distinct from other species. The shape 
properties that are unique to A. cu/trata seem to be given by a displacement of the zygomatic 
region towards the front of the skull (landmarks number 5-6, 8, 25), accompanied by a 
displacement of the region of the foramen magnum towards the back of the skull (Figure 7d). This 
could be understood as an overall expansion of the braincase region. There is also a 
displacement of the upper tooth row towards the back and labial region of the skull. This pattern 
contrasts with the opposite trend in shape variation for extreme values along the diagonal in 
quadrant Ill (Figure 7e). In this case, however, the samples belong to a mixture of A. caudifer, A. 
geoffroyi and the unusual group in the convex hull, previously discussed as a deviant form of A. 
caudifer. 
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Figure 7. Shape configurations of the skull as estimated by the first and second relative 
warps (RW I and RW II). 
The diagrams to the left (a and b) represent the change in shape on the corresponding direction of 
the arrows, along the axis of either RW I or RW II, by 0.1 units in the negative and positive directions 
respectively. Diagrams c, d, e and f represent extreme data points along corresponding diagonals in each 
quadrant of the plot in Figure 6d. The skull configuration diagrams show the extreme of a continuous trend 
of change in the configuration of landmarks. The location (coordinates) of each data point is shown in 
parenthesis below each diagonal arrow. 
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The centroids for Anoura geoffroyi and A caudifer are found in quadrant II and IV 
respectively. The bulk of observations for the latter species occur along quadrant IV, a region 
where the estimated shape shows a contraction in the rostral and maxillary regions towards the 
center and back of the skull (Figure 7f). This last pattern in shape variation contrasts markedly 
with the opposite estimate along the diagonal of quadrant II, the region where most of the 
observations for A geoffroyi are found and where very little change is observed in the 
corresponding regions of the skull, except for an overall contraction at the occipital region and the 
overall skull (Figure 7d). 
Results and indexes from the MANOVA are included in Table 5. Homoscedasticity is not 
supported for the multivariate analysis and error variances appear to be dissimilar in all response 
variables, except for RW II. This lack of robustness is probably the result of the small sample size 
available for both Anoura fistu/ata and A cultrata. Multivariate contrasts suggest statistically valid 
differences (i.e. sufficiently low P-values) for species in all variables. The strongest effect of these 
differences is found in size-related variables (i.e. FA. GLS and CS). The contrast of marginal 
means (the Bonferroni test) does not support differences between A cultrata and A geoffroyi in 
FA. In terms of GLS, A fistulata cannot be said to be different from A cultrata, and the latter from 
A geoffroyi. A marginally large P-value is found in the contrast between A fistulata and A 
caudiferfor RW I. Although, in practical terms, the distances between these two species is 
relatively small, almost including no differences (i.e. zero distance) in a 95% sample confidence 
interval (Figure 6, Figure 8). A stronger lack of evidence for differences in the two former species 
occurs along RW II. All other contrasts show strong evidence of differences for means between 
species. These statistical contrasts conform to the depiction of variation in Figure 6. This 
MANOVA and the following multivariate contrast tests exclude the deviant group which was 
previously diagnosed as A caudifer (i.e. convex hull in Figure 6). 
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A. geoffroyi I I I I I I 
I I I A. cultrata I I I 
I I A. caudifer 
I I 
-0,05 -0,04 -0,03 -0,02 -0,01 0,00 0,01 0,02 0,03 
Figure 8. Mean distances between the means of Anoura fistulata and other species in 
Anoura along the principal component of geometric shape RW I. 
Error bars represent the 95% confidence interval for mean distance values. The closest distance is 
to A. caudifer and its upper error bar approaches zero. 
At the onset of the MANCOVA (A. caudifer vs. A. geoffroy1), strong interactions were 
detected between elevation, geographic region and species (P<0.001 ). Yet, the effect of elevation 
within species, on each response variable, is negligible (P>0.05, ,e<0.06), with individual 
regressions having R2<0.02. These interactions were always ordinal, with A. geoffroyi having 
consistently large values along elevation. Because of differences in slope and the poor effect of 
elevation on size and shape within each species, I dropped this factor from the model and 
proceed with an MANOVA (Table 6). Although there is no support for homoscedasticity, there are 
acceptably large P-values for GLS, RW I and RW II in the test for equality of error variances. As 
estimated by effect size, the strongest differences among centroids are for species and the 
smallest for geographic region. Geographic region seems to influence variation in all dependent 
variables except for RW II, but with relatively negligible effect size. There is no detectable effect 
of sex on size and shape. Except for RW I, the interaction term, between geographic region and 
species, has acceptably low P-values in all dependent variables. Despite a relatively large P-
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value (0.14) for the interation with geographic region, RW I seems to maintain the interaction 
pattern observed in all other variables (Table 7, Figure 9). Although not shown in Table 6, the 
main effects for species (i.e. the means in each species averaged across geographic region and 
sex) are distinct among all levels for shape and size, with paired contrasts having P<O.OS. 
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Table 6. Relevant aspects of a MANOVA for size and shape (FA, GLS, CS and RW 1-11) regressed on 
species, sex and geographic region. 
The effect of interaction terms on joint centroids and of each main factor on each regressand is shown only 
for those with P<0.01. Sample size for species is Anoura caudifer = 145 and A. geoffroyi = 136. 
Equality of error 
variances 
P-value 
FA- Levene's F=2.17, df=7/273 0.04 
GLS- Levene's F=0.18, df=7/273 
CS- Levene's F=2.05, df=7/273 
RW I- Levene's F=1.11, df=7/273 
0.99 
0.05 
0.36 
Effect size (A2) 
------- _------- _-- ________________ I3X'{ Jl: -~~Y-~1)~~!? J:=_Q.?f?L ~f_:=:?~~?;3 __________ _ Q._~? ________________________ . 
Joint cetroids 
(MANOVA) 
Species - Pillai's trace=0.9, F=457. 72, 
df=5/269 
Sex - Pillai's trace=0.01, F=0.59, df=5/269 
Region - Pillai's trace=0.06, F=3.48, 
df=5/269 
Species * Region - Pillai's trace=0.18, 
<0.001 
0.71 
0.005 
0.9 
0.01 
0.06 
F=11.47, df=5/269 <0.001 0.18 
---------------------------------- -1-i~;; -regressor-t\as -no-effitcf on---------------------------------------· 
_____________________________________________ !~9r~~-~'!l!l_~ __________________________________________________ . 
Species on FA- F= 1312.96 <0.001 0.83 
SpeciesonGLS-F=1157.59 <0.001 0.81 
Species on RW I - F=336.82 <0.001 0.55 
Species on RW II- F=74.98 <0.001 0.22 
Species on CS- F=1570.85 <0.001 0.85 
Region on FA- F=9.36 0.002 0.03 
Region on GLS- F=10.56 0.001 0.04 
Region on RW 1- F=4.68 0.031 0.02 
Region on CS- F=9.01 0.003 0.03 
Species x Region on FA- F=28.48 <0.001 0.09 
Species x Region on GLS- F=27.65 <0.001 0.09 
Species x Region on RW II- F=13.8 <0.001 0.05 
Species x Region on CS- F=34.09 <0.001 0.11 
Simple effects and interaction plots show that the relationship "geographic region x 
species" is always ordinal between species and by geographic region, but disordinal between 
eastern and western cloud forests across species (Table 7, Figure 9). On the left column of 
Figure 9 (between populations), western and eastern populations of A. caudifer show relatively 
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small distances between the means for FA, GLS, RW I and CS, with large P-values (i.e. <::0.05). 
Such a lack of statistical evidence in the latter species, contrasts markedly with A. geoffroyi; as 
this maintains relatively large Euclidean distances in the morphological means between 
populations at both sides of the Andes (P<0.05). The interaction of geographic region and 
species is also interesting in how size and shape vary between regions and within species. For 
example, eastern populations of A. caudifer have higher values at RW II than western 
populations; contrasting markedly with the opposite pattern in A. geoffroyi. This alternate sense of 
shape variation is true for all other characters, except for a much lesser scale of differences 
(Figure 9). The interaction at RW II is also remarkable in the sense that it is only in this case 
where the two geographic populations of A. caudifer can be said to be distinct and where the two 
geographic populations of A. geoffroyi seem to be similar (at an a =0.05) (Table 7). On the right 
column of Figure 9 (between species), the ordinal interactions show closer morphological 
distances between species at eastern cloud forests, than those occurring at the opposite side of 
the Andes. Means for the simple effects of species across geographic region are always different 
(right column of Figure 9, P<0.01 ). 
Table 7. Simple effects of geographic region across species on size and shape (FA, GLS, CS and RW 
1-11). 
The disordinal interaction between species and geographic region results from small distances between the 
means in A. caudifer (i.e. large P-values) and large distances between the means in A. geoffroyi (i.e. small 
P-values). This pattern is consistent for all dependent variables, except for RW II. Note that although the 
interaction between RW I and geographic region has a relatively large P-value (0.14), the relationship 
suggesting an interaction in this factor is obvious in this table and Figure 9. This table is complemented by 
the left column in Figure 9. Sample size for species is Anoura caudifer= 145 and A. geoffroyi = 136. 
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Species Region Mean Std. Error P-value 
E 35.86 0.19 
A. caudifer 0.11 
w 35.38 0.23 
FA 
E 42.35 0.22 
A. geoffroyi <0.001 
w 44.11 0.20 
E 22.06 0.08 
A. caudifer 0.16 
w 21.86 0.11 
GLS 
E 24.79 0.1 
A. geoffroyi <0.001 
w 25.60 0.1 
E 0.011 0.001 
A. caudifer 0.63 
w 0.010 0.001 
RWI 
E -0.010 0.001 
A. geoffroyi 0.01 
w -0.014 0.001 
E -0.003 0.001 
A. caudifer 0.002 
w -0.008 0.001 
RWII 
E 0.002 0.001 
A. geoffroyi 0.03 
w 0.005 0.001 
E 1287.51 4.60 
A. caudifer 0.05 
w 1272.68 5.76 
cs 
E 1464.14 5.4 
A. geoffroyi <0.001 
w 1510.35 5.08 
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Figure 9. Interaction plots showing the simple effects on size and shape of geographic 
region across species (left column) and species across geographic region (right column). 
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The left column shows disordinal interactions where geographic region has opposite effects for the 
size and shape of species. Also, A. geoffroyi is relatively more distinct in its western and eastern populations 
than A. caudifer, except for RW II. The right column is for ordinal interactions, where both species appear to 
be more similar at the eastern side of the Andes relative to the west. 
When differences for RW I and RW II are observed across the variation in size among 
species, there is no evidence to suggest that species have different shapes. The exception is for 
Anoura cultrata, as is illustrated by simple effects in the overall mean for CS (Table 8). This is 
because A. caudifer, A. fistulata and A. geoffroyi can be aligned along a single regression line 
(Figure 6), while A. cultrata is far above the 95% confidence interval for individuals. When 
estimating multiple regression lines, all species, including A. cultrata, seem to share a similar 
slope (i.e. interaction term not different from zero in Table 8). Except for A. cultrata, these results 
indicate lack of allometry; all species have the same shape when size is taken into account. 
137 
Table 8. The results of two ANCOVAs for testing the effect of species on shape (RW I and RW II) with 
size (CS}, and simple effects with a Bonferroni correction at the overall mean for CS. 
Allometry only occurs for Anoura cultrata. Sample size for species is A. caudifer= 152, A. cultrata = 9, A. 
fistulata = 8 and A. geoffroyi = 145. 
P-value 
ANCOVA for RW 1- Levene's F=2.36, 
Effect size 
<,.e> 
Equality of error df=3/31 0 0.07 
variances ANCOVA for RW II- Levene's F=2.54, 
df=3/31 0 0.06 
--------------------------------- -H~ -.;-regresso-r It-as -no efte-ct on-------------------------------------------
-------------------------------------------- !~9!'!t~~~!!~--------------------------------------------------------Species on RW I - F= 0.004 1 <0.001 
ANCOVA for RW I CS on RW 1- F=20.25 <0.001 0.06 
______ ?.P.~~l~!i- ~-9_~ _!?r'_ R.'N _1_-:X:=_Q:Q? ______________ Q._~~ ______________ 9:<~9_1 ______ _ 
ANCOVA for RW II Species on RW II- F=0.47 0.71 0.005 
CS on RW II- F=1.85 0.18 0.006 
Species x CS on RW II - F=0.39 0.76 0.004 
Simple effects Mean Difference (Std. Err.) P-value 
A. cultrata -0.04 (0.004) <0.001 
A. caudifervs. A. fistulata 0.003 (0.004) 1 
---------------------------------------------- ~·- g_e_C!f!..Tr}yj_----------------- :<:Q:Q9)_ !9:99_~)----------- ~--------
A. caudifer 0.04 (0.004) <0.001 
A. cultrata vs. A. fistulata 0.043 (0.006) <0.001 
---------------------------------------------- ~·- g_e_C!f!..Tr}yj_------------------ _Q:~-(Q:Q~)_-------- :c=.Q._qQ~-----
A. caudifer -0.003 (0.004) 1 
A. fistulata vs. A. cultrata -0.043 (0.006) <0.001 
---------------------------------------------- ~·- g_e_C!f!..Tr}yj_----------------- _-.9_ • .9,Q~-(Q:Q9~)_---------- ~--------
A. caudifer <0.001 (0.003) 1 
A. geoffroyi vs. A. cultrata -0.04 (0.004) <0.001 
A. fistulata 0.004 (0.004) 1 
The role of elevation in the variation of size and shape may be negligible within species, 
but there seems to be an effect among species. Although the strength of the relationship between 
elevation and shape (RWs) (R2=0.1, P<0.01) orCS (R2=0.13, P<0.01) is rather weak (but yet 
stronger than within species), Anoura geoffroyi has a comparatively larger distributional range 
along elevation (Figure 1 0). Also, A. geoffroyi has a larger proportion of samples towards higher 
elevations and reaches the highest altitude overall, above 3.000 m. This may be an apparent limit 
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to A. caudifer and other species, at least within the geographic scope of this study. The species 
with the narrowest and lowest recorded altitudinal range is A. cultrata (Table 3). 
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Figure 10. The distribution of elevation for species in Anoura. 
A. geoffroyi has a larger proportion of samples at higher elevation. 
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3.2.5. An isometric pattern of continuous differentiation and other important remarks 
Although sample size is limited for both Anoura fistulata and A. cultrata, the relevance of 
this study is found in the comparative analysis of the relative distribution, perceptible differences 
and overall patterns in size and shape. Even though A. fistulata may naturally occur at low 
densities (a pattern that could be reflected in numbers of museum specimens), and samples for 
this species may slowly flow to museum collections in small numbers along the years, the 
information given herein is a valuable introduction for future studies about patterns of 
morphological variation in the context of ecological and genetic information. 
The quantification of morphological space seems to conform, in general, to the 
description published by Muchhala et al. (2005). Anoura fistulata and A. caudifer are most similar 
in the shape of the skull, but the former is larger in overall size. This is true in account of A. 
fistulata entirely overlapping with A. caudifer in the distribution of samples in shape space, but 
remaining distinct from all other Anoura in the length of the skull, except when compared against 
A. cultrata. The overlap in shape space (i.e. Figure 6d) is also comparatively large between A. 
fistulata and A. geoffroyi, but their centroids are distinct (i.e. acceptably low P-values). The mean 
for the length of the skull in A. fistulata is also closer to A. geoffroyi than to A. caudifer. A. fistulata 
is also different in length of forearm from all other species, having an intermediate value for this 
character. 
Is the shape of the skull for A. fistulata equal to A. caudifer as Muchhala (2005) has 
suggested? The fact is that anything is different from everything given a sufficiently large sample 
size. This is why it is important not only to rely on indexes about uncertainty in the rejection of null 
hypotheses (i.e. P-value index), but also to interpret the magnitude of the effect (Cohen, 1994). A. 
caudifer and A. fistulata are closer together with respect to overlap and the distances in the 
means of shape variables. Yet, both groups are also different in their shapes. Shape changes 
when size is included, since A. caudifer, A. fistulata and A. geoffroyi can be considered as 
isometrically-scaled series of increasingly larger size. The exception is A. cultrata, an allometrical 
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species with respect to the other three, as it remains distinct in its shape, independently from the 
effect of variation in size. 
The two relatively most abundant and well known species, Anoura caudifer and A. 
geoffroyi, are distinct along the space spanned by inter-landmark characters commonly related to 
size (i.e. GLS and FA) and an isomeric component of geometric size (CS). These two are also 
different in terms of their respective distribution in shape space. Both species seem to form the 
extreme of a framework of possible variation in size, either when measured by interlandmark 
characters or centroid size. In the center of this framework, there is a space left for A. fistulata. 
This species could be thought of as an intermediate form, spanning the available morphospace 
between A. geoffroyi and A. caudifer. 
Given that Anoura fistulata has an extremely long tongue and an exceptionally extended 
lower lip (Muchhala et al., 2005), one could expect a corresponding distant or salient position in 
skull morphospace for this species. Thus far, there appears to be a mismatch between the traits 
that place A. fistulata as a highly distinct species in terms of soft-anatomy and its position as an 
intermediate form in morphometric space. In terms of its distribution in morphospace, it could be 
stated that there is nothing particularly remarkable or salient about A. fistulata (e.g. statistically 
unexpected values as for A. cultrata or "Anoura geoffroyi, deviant"), except for its position in a 
central region, which remains unoccupied by other more common species. 
It could be argued that Anoura cultrata is the only one with distinct boundaries in the 
geometry of the skull. The other species remain within the expected tendency of change in 
morphology by size (e.g. Figure 6c), or inside a more or less indistinguishable cloud of points in 
shape space (e.g. RW I vs. RW II, Figure 6d). This distinction may not be totally independent 
from the conspicuous and discrete trait of the enlarged first lower premolar, which easily allows 
discriminating between Anoura cultrata and other species. However, the explained differences in 
shape not only occur in the region corresponding to this molar, but also in an expansion of the 
braincase (Figure 7c). 
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Another group that is remarkably unique is highlighted by the convex hull in Figure 6 (i.e. 
"Anoura geoffroyi, deviant"). Individuals in this group seem to share unique properties in how size 
interacts with the shape of the skull. This is especially true in the sense that very distinct 
perspectives of this group are provided by measurements of inter-landmark characters or 
geometric size and shape (e.g. Figure 6a vs. Figure 6c). A simple visual inspection of the skulls 
for this group, or a set of inter-landmark measurements, will probably offer little insight into its 
characteristic singularity in morphospace. It is only after a measurement of the geometric 
properties of the skull, through landmark-based data, that its uniqueness is perceivable. 
Anoura caudifer and A. cultrata are closer in the distances of their means for character 
states at the eastern side of the Andes than at the west. Anoura caudifer does not show evidence 
supporting different shape and size at both sides of the Andes (except for RW II), but A. geoffroyi 
does and with a relatively large effect. Moreover, there is an alternate pattern of differentiation in 
character states between populations at regions which depends on the species; where one has 
comparatively higher values for a particular region while the other low values. These differences 
in the dynamics of change in size and shape may be explained by unknown geographical, 
ecological or environmental components that affect the way both species interact with each other 
and between eastern and western habitats. 
What are the ecological and, overall, evolutionary factors that have acted upon species to 
account for the observed patterns of variation and distribution in morphometric space? Why does 
A. cultrata remain beyond a certain threshold of statistical variation in the relationship of shape 
and size components? Why is it so distinct and how does its particular enlarged lower molar 
relates to the overall shape of the skull? What is the evolutionary significance of the intermediate 
morphospace occupied by A. fistulata? What is the meaning and truth of evolutionary identity of 
the deviant samples mostly identified as A. caudifer, but which remain in very unusual positions of 
morphospace? These are motivating questions that can be addressed in the near future. 
The role of size in speciation, and its relevance in ecological and physiological processes 
and interactions among species, has been widely discussed (Schmidt-Nielsen, 1984; Nunn and 
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Stanley, 1998). In this sense, a particular morphology may be reflecting a particular way of using 
energetic resources (Dumont; 1999; Muchhala and Jarrfn-V. 2002; Dumont and Herre!, 2003), or 
a specific pattern of geographic distribution (Root, 1988a, b; Barclay, 1991 ). Except for A. cuttrata 
and a deviant form of A caudifer, the three other groups in this study (i.e. A. caudifer, A. fistulata 
and A. geoffroyl) could be described as linearly-scaled series of increasingly larger body sizes. 
This involves an isometric effect where shape, as estimated by RWs, is consistently affected by 
size (CS) along a linear fashion. This seems to be true according to the morphospace depicted in 
plots of size and shape (Figure 6), although there is also an obvious similarity in shape between 
A. fistulata and A. caudifer in terms of their multivariate centroids or means. This apparent 
similarity could become statistically rejected when further samples become available and the 
dispersion estimated around the mean gets narrower. 
Such a linear pattern of size-mediated differentiation may be common to other similar 
systems of morphological variation in bats (e.g. Jarrfn-V. et al., 2010). For example, Fleming 
(1991) proposed that size in Caro//ia was a component involved in the way these species have 
differentiated in diet and habitat. According to Fleming (1991 ), 1.12 was the average size ratio 
between contiguous species (i.e. C. perspicillata vs. C. brevicauda), and 1.19 between extreme 
sizes (i.e. C. perspicillata vs. C. castanea); where such differences in the proportions of body size 
were sufficiently large for niche dimensionality to permit the coexistence of the three species. Yet, 
nearly all subsequent studies to Hutchison's (1959) seminal work have dismissed the hypothesis 
of constant size-ratios mediating the coexistence of species. There are many recent experimental 
and theoretical papers on coexistence that show how species might coexist due to non-
equilibrium (e.g. Hanski, 1983; Leibold, 1995; Abrams, 1999). In any case, I believe that the role 
of size as a consequence or effect for coexistence should not be dismissed, and studied in depth 
to understand what is its role in the ecology and evolution of these and other species of bats (e.g 
Carollia and Sturnira). 
A phylogenetic approach, enlightened by molecular information, will result in a richer 
perspective of the patterns of morphological variation along morphospace. For example, a 
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barcoding approach (e.g. Clare et al., 2007) will render a better perception of the morphological 
boundaries among species, especially given the fact that, since there is overlap, a proportion of 
samples in this study may be misidentified within the wrong species. Despite this limitation, my 
study is relevant in the sense that it provides an estimate of the spatial relationships of different 
aspects of size and shape among some species in the genus Anoura for Ecuador, and sets a 
baseline for future studies aimed to solve questions related to the nature of morphological 
boundaries among species, the consequences of ecological factors on morphological variation 
and adaptation, the discriminatory reliability of diagnostic character states, the accurateness of 
morphological classifications, and other relevant questions in the systematics and evolution of 
species in Anoura. 
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Chapter 4. Carollia 
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4.1. Morphological variation in the Short-tailed Fruit Bat (Caro/lia) in Ecuador, with 
comments on the practical, theoretical, and philosophical aspects of boundaries and the 
individuation of species44 
The mechanisms for the morphological delimitation of species in Carollia remain poorly 
understood. Practical (ordination methods), theoretical (discrete vs. continuous character states) 
and philosophical (categorization and vagueness of language) aspects of boundaries among 
these species are discussed. This is the first study to assess variation in size and shape from 
strictly geometric terms. Both factors are assessed by statistical perspectives of distribution, 
overlap and relative distances. Despite its overlap, the size of the skull seems to be the most 
influential character for the discrimination of species, with shape playing a much smaller role. The 
smallest species seems to be the most distinct in shape, not only in terms of distance among 
centroids in morphometric space, but also in the overall trend and direction of variation. Contrary 
to previous studies, sexual dimorphism is not given by size but by distinct shapes of the skull. 
Characters such as the shape of the maxilla, previously described qualitatively as discrete with 
sharp boundaries, appear to be truly continuous with fuzzy borders among species. Since 
morphometric space is a gamut of continuous variation and overlap, the taxonomic error rate for 
size characters seems to be substantial for the medium-sized species (C. brevicauda}, with about 
30-40% of individuals erroneously assigned to a different species after a jackknifed discriminant 
function. This taxonomic error is higher for shape characters. Morphological, systematic and 
ecological consequences of the observed patterns of shape and size variation are commented 
within the context of previously proposed arguments and hypotheses. 
44 A version of this chapter was published in Jarrin-V. et al. (2010). 
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4. 1. 1. Practical aspects of morphological boundaries 
Three studies have previously assessed morphological variation in Caro//ia (i.e. McLellan, 
1984; Owen et al., 1984; York and Papes, 2007). The three concurred that body size is the most 
relevant factor for diagnosing species. However, the first two may not have addressed proper use 
and interpretation of linear discriminant analysis (LOA). 
In its predictive stage (sensu Huberty, 1994), linear discriminant analysis (LOA) or 
canonical variate analysis (CVA) work properly when there is certainty on the identity of the 
groups from which discriminant functions are estimated (Albrecht, 1992). The a priori 
identification of groups is a prerequisite for LOA (Williams, 1983). Yet, when the interest is in the 
assessment of boundaries among groups, a priori delimitation invites circularity. This occurs 
when the character states that lead to the a priori delimitation of groups are also used for 
estimating canonical functions; which, a posteriori, serve as evidence for the discrimination of 
these same groups. Predefining groups assumes preexisting evidence, and it is circular to use 
this same evidence for explaining what is already known, the real or apparent discreteness of 
groups. Consequently, the lack of independence between the discriminant function and the data 
set to be classified results in smaller apparent error rates (Lance et al., 2000). 
By contrast LOA, in its descriptive stage (sensu Huberty, 1994), is a graphic approach to 
single factor Multivariate Analysis of Variance (MANOVA) (for a rather opposing conceptual 
perspective see Williams, 1983). Thus, large distances among centroids in canonical space often 
reflect low P-values in MANOVAs, but may not be sufficient to establish biological significance 
upon real differences in species (Cohen, 1994; Sterne and Smith, 2001 ). In other words, 
population means may be judged to be far apart when groups are truly similar (James and 
McCulloch, 1990; Lande, 1980). This is why the Mahalanobis 0 2 distance of discriminant space 
must not be interpreted as a Euclidian distance (James and McCulloch, 1990). LOA may be used 
descriptively to interpret major multivariate axes of differentiation among species; nevertheless, 
one should be cautious when interpreting distances among means as evidence for group 
boundaries. This is because Mahalanobis 0 2 registers distances in an iso-density contour of 
sample dispersion (Lattin et al., 2003). Therefore, 0 2 is not only sensible to distances between 
means or paired samples, as is the Euclidean distance, but also to the direction of the mean 
difference relative to the direction of variation within groups (Klingenberg and Monteiro, 2005). 
A priori identification of groups is a requirement for the test of hypotheses (e.g. 
MANOVA). However, this is not the source of circularity I mentioned above, but the 
misinterpretation of canonical spaces and distances, as well as the categorization of statistical 
outcomes. Hypothesis-testing relies on probability values and accessory estimates of strength 
and magnitude (Cohen, 1988), but not on the observed Mahalanobis distances in canonical 
space after a CV A. 
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It is mostly along the discussed aspects where the misuse of classificatory techniques is 
found in both Mclellan (1984) and Owen et al. (1984). Despite having included qualitative 
characters of coloration and length of pelage as independent information prior to DFA, I suspect it 
was the length of the forearm and skull which provided the strongest signal for a priori 
classification in Owen et al. (1984). For the case of Mclellan (1984), the same characters where 
used for both a priori and a posteriori discrimination. 
On the other hand, principal component analysis (PCA) ignores any real subdivision 
within a data set. This is undesirable for cases in which the study of subdivisions is the subject of 
interest (Pearson et al., 1998). PCA is useful especially in those cases where there is limited 
independent information upon the existence of groups within the original data set. For PCA, 
species may emerge in morphospace as an agglomeration of samples around the mean or 
multivariate centroid. This is consequence of the often polygenic nature of many morphological 
traits (i.e., numerous additive effects of small magnitude, the infinitesimal model), the "smoothing" 
of the distribution of character states owing to environmental effects and phenotypic plasticity 
148 
(Blakeslee, 1914; Fisher, 1918; Turelli and Barton, 1994), the mathematical principles of the Law 
of Large Numbers and the Central Limit Theorem (Eckhard et al., 2001 ); and perhaps, an 
inherent property of natural entities, especially under an evolutionary paradigm, where 
"prototypical normality "normally" implies statistical normality" (Schurz, 2001). The property of 
species to aggregate in morphospace as recognizable clouds of points may also be explained by 
the "homeostatic property cluster'' (Boyd, 1999; Griffths, 1999; Wilson, 1999). This is the 
clustering of organisms in theoretical space under the influence of a specific process or 
mechanism (Robert and Baylis, 2003). 
4.1.2. Philosophical aspects of morphological boundaries 
In theory, we know that species are evolutionary entities, lineages with a particular 
historical fate and with an independent (more or less) set of interactions. In practice, to delimit 
species, we require measurements and character states. Three species are known for the Short-
tailed fruit bat (genus Carollia) in Ecuador: C. castanea, C. brevicauda, and C. perspicillata 
(Aibuja, 1999; Tirira, 1999). These three are differentiated mostly on the basis of size; although, 
discrete characters -or at least described as such, and believed to be so- have also been 
considered, being the most frequent: the relative length of hair at the nape or other regions of the 
body (often expressed as fixed proportions), the presence or absence of hair at forearms or feet, 
the pattern of band coloration at hair shafts, the relative size of dental pieces, and the shape of 
the maxilla and dentary. A molecular approach to the boundaries of Carollia has also been 
proposed by Bradley and Baker (2001) and Baker and Bradley (2006). 
Despite their ubiquitness in classificatory keys, the hypothetical boundaries established 
by the aforementioned discrete characters may require validation. So far, no one has assessed 
the accuracy of purportedly discrete character states from a quantitative and probabilistic stance. 
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In other words, no one has yet tested these characters as hypotheses about the distribution of 
character states and the existence of boundaries among species. Here, I show that a quantitative 
perspective provides a more accurate sense of the nature of morphological boundaries among 
species. It is also possible that these apparently discrete characters are truly continuous. Their 
categorization, therefore, will result in a biased estimation of the true boundaries of species. Until 
someone identifies a stronger morphological component setting limits among species, I will argue 
that size is currently the largest underlying factor of both variation and differentiation in Carollia. 
Both discrete and continuous characters can be interpreted and described in either 
qualitative or quantitative modes (sensu Chappill, 1989; Stevens, 1991). Quantitative modes 
imply a probabilistic approach to the study of character state variation. A character is the overall 
collection of character states. Character states are, essentially, the probability function of all 
possible values that the character may have in the organisms that are part of a population or 
species (Thiele, 1993). Species boundaries are estimated by the distribution of character states; 
in this sense, the nature of the character and the method for its description result in more or less 
accurate accounts of variation. Since species are often multiple organisms and multiple character 
states; then, the boundary of a character state does not necessarily correspond to the boundary 
of the species. The challenge to a systematist is to find that particular set of character states that 
represents most accurately the species. Herein I assume, under the previously stated limitations, 
that the characters in question represent boundaries among species. 
Current classificatory criteria for Carollia can be traced to its origins in Pine (1972). This 
author, faced with a complex genus formed by species with large similarities, suggested that 
mixed ecological samples may result in biased estimates and false conclusions. In subsequent 
years to the work of Pine (1972), a series of taxonomic studies have been published with 
accompanying dichotomous keys (e. g. Hall, 1981; Linares, 1987; Eisenberg, 1989; Cloutier and 
Thomas, 1992; Munoz, 1995; Albuja, 1999; Tirira, 1999; Gardner, 2008). In general, these past 
studies ignored many of the important modifications to the diagnostic characters suggested by 
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Pine (1972); but instead, relied on the qualitative description of character states. This approach 
may have hindered the quantification of variation among groups. 
Mostly because the inherent structure of language contains vague components 
(Williamson, 1996; Smith, 2008) and involves the subjective particularization of entities (Hey, 
2001a, b), the verbal descriptions (i.e. the qualification) of the characters states in the formerly 
mentioned keys are often obscure and hardly applicable in practice. For example, to affirm that a 
difference between species is the "labial side of second premolar located considerably more 
lingual than the labial margin of first molar'' (McLellan and Koopman, 2008), is an argument that 
leaves open a large gap for subjective and paradoxical interpretations (i.e. the Soritex paradox). 
Many adjectives such as the one exemplified here by Gardner are "paradigmatically vague" and 
lack any metrics (Paoli, 2003). Along this verbal description, furthermore, there are no grounds for 
establishing what could indisputably be "considerably more" (Gardner, 2008) or considerably less 
lingual. Within the context of dichotomous keys and the kind of characters in question, the 
observer is forced to take a decision for either of two choices, a judgment imbued in subjective 
appreciations of hue and proportions. Character states in keys are inherently mathematical 
values transformed into adjectival qualities. The inherent nature of the "location of the labial side 
of the second premolar" (McLellan and Koopman, 2008) may be continuous or discrete, may or 
may not have boundaries among species; but no statistical assessment of its nature has been 
previously addressed. This is true for other character states that have been qualitatively 
described. 
Gardner's character, herein called the angle of curvature of the maxilla (ACM), is justified 
on the premise of its discreteness according to several authors. For example, Pine (1972) was 
the first to suggest that the shape of the maxilla was useful for the diagnosis of species in 
Carollia; particularly, the position of the second premolar with respect to the tooth row (Figure 11 ). 
Others have also adopted this character, naming it as a curvature of the tooth row (Cloutier and 
Thomas, 1992), or as a notch in the tooth row (Aibuja, 1999). Thus, the premise supporting the 
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categorization of this character in qualitative states is based mostly on the assumption of discrete 
and non-overlapping character state distributions (sensu Thiele, 1993). The use of discrete 
qualitative states on ACM could be justified for practical or methodological reasons, assuming it is 
continuous, but insisting in setting qualitative boundaries for the sake of diagnosing species. 
Nevertheless, misinterpreting the nature of a character may result in a larger taxonomical error. If 
a character is measurable; then, under ideal conditions, its measure should honor its inherent 
nature, either discrete or continuous. I measure the ACM and interpret its variation as a 
diagnostic character. 
Figure 11. The angle of curvature of the upper tooth row and the 14 landmarks that 
summarize geometric variation in Carollia 
The outline established by the lines between landmarks serves as a reference for comparing the 
shape estimates included in Figure 15. 
Ecuador has been a relatively poorly studied geographic region for Carol/ia. The context 
of previous works allows us to propose the following questions: 1) How are geometric shape and 
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size correlated, and how both contribute to the discrimination of species in morphometric space? 
2) How severe is the taxonomic error as a function of the degree of overlap in the frequency 
distribution of diagnostic character states? 3) Is sexual dimorphism due mostly to size or shape? 
4) How and why are the observed patterns in this study similar to previously proposed ones? 
The lengths of the skull and forearm, as well as the ACM, have been extensively used in 
dichotomous keys. I test how useful these characters are. Manifestly, the degree of overlap 
among species should be a measure of the degree of error in the discrimination of species; 
especially, when the system is based on continuous and overlapped character state distributions. 
Finally, I contrast the results of my work to previous studies, and discuss further perspectives on 
morphology, systematic and ecology. 
4.1.3. Methods 
A total of 413 skulls were available for analysis and digitized at 2,400 pixels per inch 
(Carollia castanea n = 86; C. brevicauda n = 167; C. perspicillata n = 160). These specimens are 
housed at the Museo de Zoologia de Ia Pontificia Universidad Cat61ica del Ecuador (QCAZ). 
Variation was estimated from a total of 14 landmarks or reference points of the ventral aspect of 
the skull (Figure 11 ). The angle of curvature of the maxilla (ACM) was measured with the 
program lmageJ 1.36b (Rasband, 2006) (Figure 11 ). The length of the forearm (FA) was 
measured with a digital caliper, to a precision of 0.01 mm. The geometric size of the skull was 
estimated by centroid size (CS) after a Generalized Procrustes Analysis (GPA) (Rohlf and Slice, 
1990). CS is not just a measure of length between two landmarks, but represents a mathematical 
abstraction of geometric size, being in this sense isometric. To reduce the noise due to 
developmental variation, only adult individuals were considered for analysis, recognized by the 
absence of cartilaginous epiphyseal plates in handwing and finger bones (Anthony, 1988). A map 
is included to provide a sense of the geographic extent of the study (Figure 12). The available 
specimens belong to a wide range of environments and gradients, the result of over three 
decades of sampling efforts. 
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Figure 12. A map showing the the geographic extent of the study for Carol/ia morphometries 
The digitalization of landmarks and the visual estimation of the shape the skull were 
made with TPSdig and TPSregr (developed by J. Rohlf, Department of Ecology and Evolution, 
State University of New York, Stony Brook, and freely distributed at 
http://life.bio.sunysb.edu/morph/). The evaluation of multivariate parameters, statistical tests and 
graphs were made in SPSS v. 15.0 (SPSS, 2006), Sigma Plot v. 10.0 (Systat Software, 2006), 
Past v.1. 75b (Hammer and Harper, 2001) and NTSYSpc v. 2.11 f (Applied Biostatistics, 2002). 
The geometric morphometric analysis was based on the variation of the skulls as 
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captured by the configuration of landmarks. A Generalized Procrustes Analysis (GPA) (Rohlf and 
Slice, 1990) was followed by the estimation of partial and relative warps. Specimens were 
projected onto the tangent space by an orthogonal projection. The uniform component was 
included by keeping the a parameter null (Rohlf, 1993) and subsequently estimated by the 
complement method (Rohlf and Bookstein, 2003). Aligned specimens were size-scaled to unit 
centroid size (Dryden and Mardia, 1998). 
What do we think is the best approach to the delimitation of species? To address this 
problem, I avoid a priori identifications for the first part of my analyses (i.e. PCA) and interpret 
variation as is, without influencing my perspectives with what I may believe are boundaries 
among species (i.e. a priori identifications). The PCA for the shape of the skull consisted of 
relative warps (Rohlf, 1993). PCA depicts overlap in morphology as is. This allowed us to 
recognize species by their cohesiveness as "homeostatic property clusters" (Boyd, 1999; Griffths, 
1999b; Wilson, 1999). For the second part of the analysis I used CVAs. Despite the limitations 
previously mentioned, both PCA and CVA are complementary perspectives, and the later will 
render an estimate of the rate of misidentification of samples. To avoid circularity in the present 
study, a jackknifing procedure is used to reclassify samples based on estimated actual error 
rates, this being a conservative and robust index of taxonomical error rate (sensu Lance et al., 
2000)45. Reported Mahalanobis distances are the square root of 0 2. CVAs were made for shape 
variables (partial warps and uniform component) and inter-landmark (FA, CS) variables 
independently. This last CVA included also ACM, which is not an inter-landmark character (it is 
45 Jackknifing is a technique used for the purpose of correcting for problems in which the a priori 
identification of samples is not known with certainty. In this sense, jackknifing attempts to compensate the 
overestimation of correct identifications after a resampling procedure like CV A. 
an angle), but has been included in a large majority of keys as a qualitative character. The 
strength of bivariate relationship and the distribution of samples along FA, ACM and CS were 
estimated by simple regressions. 
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A priori identifications were according to the keys in Albuja (1999), Tirira (1999) and 
Gardner (2008). A number of diagnostic characters in these keys showed no consistency among 
samples; therefore, most specimens were effectively recognized on the basis of size. Since size 
overlaps among species, an indeterminate number of samples may be misidentified. Hence, the 
results of statistical contrast tests (e.g., Analysis of Variance, CVA), which demand the existence 
of sharply delimited groups, must be regarded as rough estimates of the real similarities among 
species. 
Unimodality is here assumed to represent a single evolutionary entity or otherwise a 
cryptic morphology. To determine whether character states among species comply with 
unimodality, I consider the test suggested by Schilling et al. (2002). This test ponders the 
distance between the absolute value of mean differences ( X 2 - X 1 1 ) against the sum of 
standard deviations (SD1 + SD2). For example, given I X 2 - X 1 1 s SD1 + SD2, the distribution is 
considered unimodal; assuming the frequency of overlap between frequency distributions is 50%. 
The reciprocal relationship is considered bimodal. A trimodal distribution, given the presence of 
three putative species in Carollia, implies three comparisons of the former kind. A bimodal or 
trimodal distribution is considered evidence for more than one species. 
The final data set included information on sex and species as explanatory factors, and 
CS, FA and ACM as cofactors. The effects and interactions of factors and cofactors on shape (i.e. 
partial warps and uniform component) were assessed by a general linear model (GLM). The GLM 
included all main effects and all two-way interactions between species and the rest of factors and 
cofactors. Interaction terms were included for assessing if the effect of species remained constant 
along the various categories or values. I used Pillai's trace statistic (PT) as an estimate of 
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probability against the null hypotheses (i.e. no differences in group means). This is a relatively 
robust and conservative test statistic to others of similar kind (Olson, 1974). Complementary to 
probability values, I also included estimates of effect size as partial-eta squared values (.t\2), and 
tests of model robustness (homogeneity of error variances and variance-covariance matrices). 
Values for effect size were categorized in small, medium or large, according to the scales 
provided by Cohen (1998). 
4. 1.4. Results 
A trimodal pattern was expected in the frequency distribution of character states for all 
three species. However, there is a substantial degree of overlap (Figure 13a-b). Accordingly, the 
distribution of FA is bimodal ( 12.331 s 2.75 for C. castanea-C. brevicauda; 13.911 ~ 2.84 for C. 
brevicauda-C. perspicillata). The distribution of CS is trimodal ( 148.91 ~ 27 for C. castanea-C. 
brevicauda; 137.281 ~ 27.68 for C. brevicauda-C. perspicil/ata). The joint frequency distribution 
of ACM suggests that the placement of this character into distinct diagnostic states comprises 
considerable subjectivity (Figure 13c). It approximates the normal distribution ( 13.41 s 12.97 for 
C. castanea-C. brevicauda; 11.021 s 11.24 for C. brevicauda-C. perspicillata). An alternative 
perspective in the usefulness of this character can be articulated in terms of its poor relationship 
with FA and CS, after a linear regression analysis of both characters on ACM (~ = 0.01, P = 
0.74). Contrary to previous assertions on its usefulness as a diagnostic character, ACM does not 
contribute much to the differentiation of three distinct species. 
The fact that the three species have common characteristics alludes to a process of 
discrimination in which error plays a considerable role. In other words, the probability of making a 
correct discrimination among the three species of Carollia must be affected by a noticeable error 
rate; especially, under the given distribution of size frequencies as estimated by both FA and CS. 
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Body size is a multivariate component that is partially described by correlated characters 
such as CS and FA(~= 0.76, P = 0.01). A linear regression between these two variables 
reveals that the smallest species (C. castanea) has an unexpectedly small CS. Both C. 
brevicauda and C. perspicillata maintain a similar trajectory of variation in size that may be 
satisfactorily explained along a linear trend, but C. castanea is not only distinct in magnitude, but 
also in its trend of variation (Figure 14). 
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Figure 13. The total frequency distribution of the three most commonly used characters for 
the discrimination among species in Carollia 
All three character states overlap among species. However, at least two "peaks" or central 
tendencies are discernable in the distributions for FA and CS, suggesting the presence of distinct groups (a, 
b). Such recognition is, however, not possible for the ACM (c). Additional measures of bimodality are 
discussed in the main text. 
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Figure 14. The distribution of body size among the three putative species of Carollia tends to 
be a continuum of change, with a tendency to aggregate around centroids 
Visually, C. castanea is the most distinct of the three species. A linear regression is included to 
show how C. castanea deviates from a general trend of variation maintained by both larger species. 
Species are highly overlapped in the space of the first three relative warps (Figure 15). 
The three species are distributed as a continuum along the length and width of this space. 
Overlap in shape is larger between C. brevicauda and C. perspicillata, relative to C. castanea. 
RW 1, the axis through which the three species differentiate the most, incorporates aspects of 
variation mostly related to changes along the sagittal axis, localized variation at the temporal and 
zygomatic regions, and changes in the shape of the cranium (Figure 15). Skulls suffer an 
expansion of the space forming the zygomatic arch and get narrower sideways along increasing 
values for RW 1. Overall, the pattern is for more slender skulls towards higher values of RW 1 
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(Figure 15). Although CS is mathematically independent of variation in shape, it can also be 
inherently related to it through allometric effects. There is a marginally strong relationship 
between CS and RW 1 (R! = 0.621, P < 0.01 ), and therefore skulls in region A of Figure 15 tend 
to be of smaller size than those in region C. 
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Figure 15. The morphometric space of the first three relative warps based on the landmarks 
depicted in Figure 11 
The three species seem to share a high degree of overlap, with C. castanea tending to be 
differentiated more easily along RW 1. Estimations of shape configurations are included for some positions 
along the abscissa (A-C). Low values of RW 1 are characterized by an overall contraction of the sagittal 
axis, a reduction of the temporal and zygomatic regions, and an expanded cranium (A). High values for RW 
1 are distinguished by showing the alternate condition; this is an elongation along the sagittal axis, an 
antero-posterior expansion of the space in the temporal and zygomatic regions, and a lateral contraction of 
the braincase (C). The three species constitute a continuum of change in this morphometric space. The 
upper {a) and lower (b) graphs are different rotations of the same shape space. 
CVA maximizes distances among centroids relative to within-group variance. Despite this 
rationale, the overlap in the distribution of samples is quite obvious for both inter-landmark and 
landmark characters (Figure 16a and Figure 16b respectively). Of interest in this space is the 
change in the relative position of centroids among species, when these are compared to those 
depicted in the regressions or PCA (Figure 14 and Figure 15 respectively). A best-fitting line 
among centroids in PCA will follow the same orientation or slope. On the contrary, a best-fitting 
line between centroids in CVA for both largest species (C. brevicauda and C. perspicillata) will 
have the opposite slope to the line drawn between centroids for C. castanea and C. brevicauda. 
This disparity between Euclidean (i.e. Figure 14 and Figure 15) and Mahalanobis (i.e. Figure 16) 
estimates implies that when morphospace is reordered as a function of within group variation (i. 
e. pooled variance-covariance matrix,) the three species are not aligned along the same trend for 
among-group variation in shape space. Accordingly, it is the location and dispersion of C. 
castanea that remains distinct from the trend of variation in shape and size in the other two 
species. 
FA stands out as a relevant factor for the discrimination of species, relative to ACM and 
CS. The vectors of these last two remain reduced near the origin in the biplot (Figure 16a). 
161 
However, both CS and FA are strong discriminators in terms of the standardized canonical 
function coefficients (CFCs) (FA: 0.54 for CF 1, -1.043 for CF 2; CS: 0.6 for CF 1, 0.99 for CF 2). 
On the other hand, CFCs for ACM are comparatively small (0.12 for CF 1, 0.19 for CF 2). The 
interpretation of partial warps as individual vectors is precluded since they must be interpreted as 
a joint multivariate distribution of overall skull shape variation (Adams and Rosenberg, 1998; 
Rohlf, 1998), and are only included in Figure 16b to illustrate the dispersion of these parameters 
in the biplot. Overall, the taxonomic error rate is reasonably small for C. castanea, and fairly large 
for C. brevicauda. This last because C. brevicauda is of intermediate shape and size (Table 9). 
An overall drop in the accuracy of discrimination is observed in the estimated actual error rates, 
with 30-40% of the individuals in C. brevicauda suffering misclassification. Skull shape is a poor 
discriminator of species relative to inter-landmark characters. Size outperforms shape as a 
discriminator (Table 9). 
The distances between group centroids for PCAs and CVAs (Figure 14-Figure 16) are 
summarized in Table 4. As expected, the difference between C. castanea and any of the other 
two species is the largest. Euclidean distances in relative warp space are much smaller than for 
inter-landmark space, but the same overall pattern is maintained, with C. castanea remaining 
distant relative to C. brevicauda and C. perspicillata. Mahalanobis distances in CVA conform to 
Euclidean distances and are statistically relevant for the discrimination of group centroids (Inter-
landmark distance: PT = 0.21, F = 158.66, d. f. = 6, 816, P < 0.001; Landmark distance: PT = 0.9, 
F = 13.25, d. f. = 48, 776, P < 0.001 ). It is an interesting coincidence that the estimated 
Mahalanobis distances between C. castanea and the other two species in inter-landmark 
character space are of the same magnitude (Table 10, Figure 16a). 
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Table 9. Taxonomical error rate and estimated actual error rates for canonical variate functions with 
inter-landmark and landmark characters (%) 
Predicted Groue MembershiE Inter-Landmark 
C. castanea C. brevicauda C . PerseJcillata 
C. castanea 91.86 8.14 0 
Taxonomical C. brevicauda 4.79 74.25 error rate 20.96 
c. e.erseJcillata 0 8.75 91.25 
Estimated C. castanea 91.86 8.14 0 
actual error rate C. brevicauda 5.39 73.65 20.96 (Jacknifed) 
C. e_erse_icillata 0 8.75 91.25 
Predicted Groue MembershiE Landmark 
C. castanea C. brevicauda C . Perse_icil/ata 
C. castanea 96.88 3.13 0 
Taxonomical C. brevicauda 
error rate 10.57 69.92 19.51 
C. e_erse_icillata 2.21 16.37 81.42 
Estimated C. castanea 84.9 11.6 3.5 
actual error rate C. brevicauda 8.4 62.9 28.7 (Jacknifed) 
C. e_erse_icilfata 5.6 24.4 70 
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Figure 16. The canonical space of CVA for inter-landmark (a) and landmark (b) characters 
Despite the maximization of distances among centroids, overlap is evident among groups. a) FA 
stands out as the most important factor in the delimitation of the three putative species. b) Partial warps 
cannot be interpreted individually, but are included as rays in the biplot. A convex hull is included for Caro/lia 
perspicillata 
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Table 10. Distances among centroids for each putative species as identified by museum 
tags46 
C. castanea C. brevicauda C . Perspicillata 
C. castanea 0 
Figure C. brevicauda 38.05 0 14 
C. perspicillata 55.62 17.59 0 
C. castanea 0 
Figure C. brevicauda 0.0194 0 15 
C. perspicillata 0.0292 0.0133 0 
C. castanea 0 
Figure C. brevicauda 3.92 0 16a 
C. perspicillata 3.92 1.98 0 
C. castanea 0 
Figure C. brevicauda 2.92 0 16b 
C. perspicillata 4.05 1.84 0 
46 Distances for the morphometric space in Figures 7-8 are Euclidean, for Figure 9 Mahalanobis. 
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Table 11. Results from a general lineal model on shape variation (partial warps and uniform 
component) for Carollia in Ecuador. 
Factor, cofactor, Pillai's P-
interaction Trace F-value H~~othesis, error df value Effect size 
Sp. 0.14 1.20 48. 746 0.171 0.07 
Sex 0.24 2.17 48. 746 <0.001 0.12 
FA 0.05 0.74 24.372 0.811 0.05 
ACM 0.10 1.65 24.372 0.029 0.10 
cs 0.37 8.97 24.372 <0.001 0.37 
Sp. X Sex 0.28 1.19 96. 1500 0.104 0.07 
Sp. X FA 0.13 1.09 48. 746 0.324 0.07 
Sp. XACM 0.15 1.29 48. 746 0.097 0.08 
Sp. xes 0.14 1.14 48. 746 0.240 0.07 
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The results of the GLM of factors and cofactors on shape are summarized in Table 11. 
The GLM, with shape estimates (partial warps and affine component) as response variables, 
suggests that species are not distinct in the position of their shape centroids, when controlling for 
factors and cofactors (e.g. sex and size). On the other hand, males and females appear to be 
different in the shape of the skull within all species. FA does not seems to influence variation in 
shape, when ACM and CS does. No interaction term shows sufficiently low P-values for evidence 
of effects on shape relative to species; although the P-value for the interaction between species 
and ACM is small enough to be of interest. All species behave similarly on variation in shape 
relative to the three cofactors included in the model. Of importance is the assessment of effect 
size (,e), which ranges from small to medium, with exception of CS. This last factor appears to be 
related to the shape variables with a fairly large effect. As expected, specifically in regards to the 
observed shape estimates and the trend of dispersion around centroids in the depicted plots and 
biplots (Figure 14-Figure 16), the variance-covariance matrices of this model are not equal 
(Box's M= 2072.03, F= 1.14, d.f. = 1500, 119713.1, P< 0.001). Yet, mostoftheerrorvariances 
of the dependent variables are equal. Only 2 partial warps have P-values below 0.05 according to 
a Levene's test of equality of error variances. I assume that the lack of homogeneity of variance-
covariance matrices does not represent a serious violation of the assumptions of MANOVA, being 
this GLM a relatively robust model (Stevens 2002). Finally, the average size ratio between 
contiguous species (C. perspicillata vs. C. brevicauda) is 1.1 for both FA and CS, and between 
extreme sizes (C. perspicillata vs. C. castanea) is 1.17 for FA and 1.18 for CS. 
4. 1. 5. Morphological remarks 
Size and shape interact along a continuum in which species become different. Most 
closely related species of mammals overlap in their morphological character states. This overlap 
is usually expressed as an uninterrupted continuum of correlated change along morphospace. 
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Yet, variation within species tends to aggregate around their particular centroids. It is this property 
that provides a sense of cohesiveness and recurrence within each species (i.e. large Euclidean 
and Mahalanobis distances), and makes them differentiable in terms of size, and to a much 
lesser degree in terms of shape. In this context, C. castanea remains the most distant and distinct 
species of all three. Not only are its estimated means or centroids farther apart from C. 
brevicauda and C. perspicillata, but also the estimated direction and extent of dispersion remains 
consistently different in all applied tests and ordination methods. 
Species remain similar within the context of the shape of the skull. CS is the most 
important factor explaining variation in shape within the linear model (i.e. GLM). ACM, although 
not useful for the discrimination of species, is also related to variation in shape. However, this 
does not mean that FA is unimportant for explaining differences among species. Both CS and FA 
are components of an underlying factor of size and are also correlated. This is why the three 
species can be seen as allometric sets, scaled versions of each other but with different shapes. 
Contrary to previous assertions on its usefulness as a diagnostic character, ACM does 
not contribute much to the discrimination of species. The use of ACM as a diagnostic character 
(e.g. Gardner, 2008) seems to be an artifact of inadequate sampling and poor understanding of 
character variation. This seems to be the case, despite the fact that it has been extensively used 
for this purpose (e. g. Pine, 1972; Cloutier and Thomas, 1992; Albuja, 1999; Tirira, 1999). 
The taxonomic error in this study is considerably larger than the estimated by Owen et al. 
(1984) and Mclellan (1984). A comparison of this work with theirs is not possible at the same 
level. Their Central American samples belonged to a different stock of species, and used another 
approach to their diagnosis. However distinct, four possible causes for the disagreement may be 
considered when comparing mine and their results: 1) their combination of characters for the a 
priori classification of species is effective and independent from their ordination methods, 2) 
species in Central America show sharper morphological boundaries than those at southern 
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latitudes, 3) their apparent error rates may be underestimated due to circularity and may be larger 
when translated to estimated actual error rates (sensu Lance et al., 2000) and 4) the diagnostic 
characters used by us are inferior in comparison to the characters used by Owen et al. (1984) 
and Mclellan (1984). If Owen et al. (1984) were able to effectively diagnose species by the 
coloration and length of hair, including the shape of crowns in lower incisors (the lengths of 
forearm and skull where inherently part of their ordination methods); then, a statistical analysis of 
variation in these characters will confirm their value as reliable diagnostic features. Owen et al. 
( 1984) reported low P-values for regressions of size on latitude, but R2 values were not 
mentioned. This is a remarkable omission, because spurious correlations may also have low 
probabilities of being found at random. From the scatter plots included by Owen et al. (1984) it is 
possible to infer large scatter of size along latitude; yet a weak pattern may exist, especially for 
the smallest species (Caro//ia subrufa). I have shown that it is the geometric shape of the skull, 
but not size, the factor responsible for differences in sex on all species. Mclellan (1984) found 
that sex differed mostly in rostral breadth, depth of braincase, mandibular breadth, palatar length 
and coronoid-angular distance. Breadth and depth, may be argued, are not measurements of 
length, and thus may conform to the results in this study. Evolutionary explanations for sexual 
differences on size where addressed by Mclellan (1984). Yet, if sexual differences reside on 
shape, as this study suggests, a distinct explanation may be necessary. 
Overlap in the shape and size of the skull was previously assessed by York and Papes 
(2007) from a univariate approach. For example, they determined that overlap in size was 
"significant" not for all species (seven in total), but only between Carollia brevicauda and C. 
subrufa, and between C. sowelli and C. subrufa (among other contrasts). It remains unclear what 
did they mean by "significant overlap" when there was no reference to statistical indexes or tests 
(e.g. P-values). Furthermore, their ANOVA, which was suggested as a contrast test for 
morphological differences among species, provides evidence for the hypothesis of effects on 
among group variation, but not for "significant overlap" as they referred in the results section. The 
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results of the present study coincide with York and Papes (2007) on the tendency of skulls to get 
narrower with increasing size. There is possibly an ecological or environmental component 
behind this tendency among species, worth to be studied in future research efforts. 
4. 1. 6. Systematic remarks 
It will prove useful to quantify the variation of qualitatively described characters; as for 
example, the presence or absence of hair ("hairiness") and color bands in hair shafts. McLellan 
(1984), based upon Pine's (1972) monograph, highlights that the presence or absence of hair on 
the forearms could be related to body size, a character possibly correlated with latitude. 
"Hairiness", therefore, could be expressed along continuum, as well as other characters that have 
been qualitatively used to diagnose species. 
To answer how severe is the taxonomic error due to morphological overlap, I avoided 
circularity by using a jackknifing procedure to reclassify specimens. Considering that under the 
effects of circularity the expected results are for little or none taxonomic error; the present results 
are remarkable, in that they show large error and suggest considerable morphological overlap. 
Stronger evidence can be provided from perspectives based on independent information from 
morphology. If species are real; then, they are also monophyletically unique historical events 
(Hull, 1976; Stauffer, 2002a; Wiley, 2002). This is a perspective conveniently estimated by 
molecular phylogenetics. This is also a manifest background where variation in morphology and 
its boundaries can be better understood and pondered (e.g., Garland et al., 2005). 
Despite the inherent subjectivity in the demarcation of boundaries along a continuum, 
some have tried to set sharp cut-offs (e.g. the "75% rule" of two times the standard deviation by 
Simpson, 1961; Mayr, 1959). In practice, however, species are often diagnosed through 
continuous characters states whose means differ by sufficiently large distances to imply 
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individuality (e.g. 4 or 5 standard deviations according to Lande, 1980). This need for sharp 
boundaries is not unique to morphology, and also found for genetic distances (Bradley and Baker, 
2001 ). Bradley and Baker (2001) suggestion was revisited by emphasizing on probabilistic 
arguments for the possible cut-off values that could be established along genetic distances 
(Baker and Bradley, 2006). The fact is that whenever there is a measure of distance, there is also 
an accompanying range of variation. Therefore, an underlying factor for all kinds of systematic 
characters is the probability for a correct delimitation of species. As Bradley and Baker (2001) 
suggest, the larger the distances between two recognizable groups, the larger the probability for 
two species. However, it remains to be understood what is exactly meant with "larger" and 
"smaller", both relative terms that imply subjectivness and uncertainty. If evolution is a gradual 
process, a continuum of change; then, a paradoxical situation may arise when trying to set 
boundaries where there are effectively none (Hull, 1965; Mayden, 2002). 
Relative to C. castanea, the two sister species C. brevicauda and C. perspicillata are 
more similar both in genetic and morphological aspects (Baker et al., 2002). Although different, 
the three belong to a closely related phylogenetic group (Hoffmann and Baker, 2003). This 
evolutionary closeness may result in species behaving as a single entity in terms of their variation 
and distribution in morphometric space (e.g. a single regression slope) (Felsenstein, 1985; 
Garland et al., 2005). Morphometric space may reflect ecological space, which may explain the 
coexistence of the three species in a single habitat (Campbell et al., 2007). 
Formal descriptions often resort to traditional verbal accounts of character states. In this 
sense, a formal description represents that inherent effort of the human mind to categorize 
natural entities in qualitatively sharp groups (Hey, 2001a). This effort, however, does not 
necessarily honor the nature of evolutionary entities that vary in quantitatively continuous fashion. 
My perspective of differences among species, such as those in Carollia, is one of quantitative 
variation, levels of uncertainty and test of hypotheses. Hence, my perspective of species and their 
boundaries is one founded on the main tenets of scientific thought and falsificationism. So far, 
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there are three species of Carollia reported for Ecuador. Independently from the number of 
species acknowledged, the evidence presented by us shows that some morphological boundaries 
must be understood as fuzzy and the diagnostic characters published in dichotomous keys and 
other taxonomic accounts regarded with considerable care and doubt. 
4.1. 7. Ecological remarks 
Hutchinson (1959), and empirical and theoretical perspectives (McNab, 1971a, b; May, 
1973; Case et al., 1983), maintain that differences in body size promote coexistence. Arguments 
for and against this model have been raised from diverse statistical perspectives (Grant, 1972; 
Horn and May, 1977). A minimum size factor of 1.3 is believed to promote coexistence among 
species of similar ecology and morphology (Schoener, 1984; Pianka, 1994; Farlow and Pianka, 
2003). 
The three species in Caro//ia are allometrically-scaled shape-series of increasingly larger 
body sizes. According to Fleming (1991), 1.12 is the average size ratio between contiguous 
species (C. perspicillata vs. C. brevicauda), and 1.19 between extreme sizes (C. perspicillata vs. 
C. castanea). Such differences may be sufficiently large for coexistence (Fleming, 1991) and are 
also consistent with the ratios estimated here. However, the observed size ratios for Carol/ia may 
not reflect a universal factor allowing coexistence (Fleming, 1991) (see p. 142). 
Despite what York and Papes (2007) affirm, the fact is that changes in the shape of the 
skull are not due to "isometric scaling". Instead, shape does not remain unchanged by size; on 
the contrary, it is transformed along the extent of size variation. Precisely, this is what York and 
Papes (2007) implicitly suggest elsewhere in their study, that the differences in shape of the skull 
among species may be proof of limiting similarity, mediating the coexistence of species. 
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Body size has a role in the coexistence of species in Carollia, as far as it is consistent 
with the magnitude of fruits and flowers (Heithaus et al., 1975; Bonaccorso, 1979; Muchhala and 
Jarrfn-V., 2002); yet, this pattern occurs independently from plant species. This means that 
species of bats may obtain energetic resources from the same species of plant, but feed from 
fruits and flowers corresponding to their body size (Heithaus et al., 1975; Bonaccorso, 1979). The 
role of shape on this and related processes remains mostly unknown. 
4.2. Uncertainty and error in the classification of the Short-tailed Fruit Bat (Caro//ia) 
in Ecuador 
Species can be conceptualized from dozens of perspectives (Mayden, 1997). Despite 
these numerous definitions, the species entity acquires its ontological individuality (i.e. existence) 
within a few principles, such as reproductive isolation, ecological coherence and lineage 
independence (Ereshefsky, 1992). These principles endow species with the necessary 
cohesiveness, as the organisms that constitute a species belong to the "same chunk of the 
genealogical nexus" (Hull, 1978). It is in this sense that species may be recognized or delimited 
on the basis of: 1) conclusive evidence supporting reproductive isolation or 2) concordance and 
covariation of multiple evidence; as for example, morphology, genetics, ecology and behavior 
(Grady and Quattro, 1999; Taylor et al., 2000; Stewart et al., 2003). 
No principle underneath species concepts (e.g. reproductive isolation and ecological 
coherence) requires sharp divisions of categorically distinct entities. For example, reproductive 
isolation frequently occurs after a gradual process, along which an uninterrupted and increasingly 
stronger gamut of conditions transpire to interrupt gene flow (Mishler and Donoghue, 1982; 
Maddison, 1997; Mishler, 1999). This seems to be the usual case, despite the depiction of 
reproductive isolation as a sharp disruption of tokogenetic relationships in phylogenetic trees (e.g. 
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Graybeal, 1995; Nixon and Wheeler, 1990; Roth, 1991). The gradualness of most evolutionary 
mechanisms and the fact that species are made of many individual particles are the reasons why 
the study of their boundaries may be best accomplished by quantifiable methods. The term 
"quantifiable" implicitly entails the study of the statistical properties of multi-organismal entities, 
and the term "statistical" embraces the inherent fallibility of our assertions and conclusions. 
Exceptions to gradual processes in evolution and continuous or fuzzy borders among species 
also occur, for instance in behavioral traits (e.g. Lande, 1981; Dominey, 1984; Johnsgard, 1994; 
Hoglund and Alatalo, 1995; Turner and Burrows, 1995). 
The available tools for the identification of species in Carollia are often in the fashion of 
dichotomous keys; where most diagnostic characters can be traced back to the review of Carollia 
by Pine (1972). This taxonomic account provided the basis for a number of subsequent 
descriptions, which have included little or no modification to the established characters in Pine's 
first systematic treatment of the genus. For example, the key included in a study of C. 
perspicillata by Cloutier and Thomas (1992) is a textual copy of that made by Hall (1981), which 
in turn is only a slight modification of Pine's key. Additional dichotomous keys have been 
published in subsequent years (e. g. Husson, 1962; Linares, 1987; Eisenberg, 1989; Munoz, 
1995; Albuja, 1999; Tirira, 1999; Mclellan and Koopman, 2008). None of these were constructed 
on quantifiable methods, testable in the context of a hypothetico-deductive model, and are, for the 
most part, based on the characters established by Pine ( 1972). 
Descriptive guides and dichotomous keys are common tools for discriminating among 
species, but often result in subjectiveness. For example, to affirm that Carollia castanea has a 
forearm "shorter than 39 mm" and a "labial side of second premolar located considerably more 
lingual than the labial margin of first molar'' (Mclellan and Koopman, 2008, p. 209) (Figure 17a); 
is to explicitly assert a sharp boundary on both character states. This is something that may not 
necessarily be true (Jarrin-V. et al., 2010). Implicitly, we all may assume these taxonomic tools 
are verbal approximations to the true range of variation and overlap within and among species. 
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However, such qualitative tools of delimitation leave generous space for inaccuracy and 
misconception. What is "considerably more lingual" than labial may vary on the particular 
perspective of the observer and the characteristics of the sample at hand. What is "more" or 
"less" is also part of a classical philosophical problem staged by the Sorites paradox (Cargile, 
1969). To avoid falling into this paradox, resulting from the cognitive limitations of human thought 
and language, we may recourse instead to quantitative practices and precise statements of 
uncertainty. The purportedly discrete character described by Mclellan and Koopman (2008) is 
related to the overall shape of the maxilla (Pine, 1972), and is named here as the angle of 
curvature of the upper toothrow (ACM) (Figure 17b). This character was originally described as 
"upper tooth row not straight-bowed in lingually or with a distinct notch or "step" in labial outline" 
or as "upper toothrow straight" (Pine, 1972, p. 17) (Figure 17a). 
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(a) 
(b) 
Figure 17. Some diagnostic characters in Sturnira and landmarks. 
a) The "labial outline of upper toothrow" (ACM) originally mentioned by Pine (1972). This figure has 
been modified from Tirira (1999). b) The basal aspect of a skull in Stumira with the configuration of 14 
landmarks, ACM and shape outline for estimating the centroid size of the skull (CS). 
The boundaries among species for Carollia, as suggested by dichotomous keys, deal 
with the length of hair at the nape or other parts of the body, presence or absence of hair in 
forearm and feet, size, pattern and color of hair bands, relative size and shape of teeth, maxilla 
and dentary, and length of the skull and forearm. These characters may be correlated with body 
size or mass (Jarrfn-V. and Kunz, 2008; Jarrfn-V. et al., 201 0), and their continuous or discrete 
nature should be evaluated using a statistical framework (Chappill, 1989; Stevens, 1991 ). The 
reliability of several purportedly discrete characters for many species of bats has not yet been 
corroborated by any quantifiable method as a testable hypothesis. 
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Most characters have an intrinsic quantitative nature (Wiens and Servedio, 2000; 
Goloboff et al., 2006), while the words that are used in their description are often categorical 
constructs of limited informative value (Hey, 2001a, b). This is not only true for classic 
morphological measurements, but also for any set of continuous biological data. Such limitation in 
narrative for describing quantitative phenomena should be evident in the erroneous assignment 
of organisms as parts of species. This taxonomic error is more acute for sister or closely related 
taxa sharing a common space of morphological traits and geographic distributions. If we agree 
with the conceptualization of species as evolutionary lineages (Simpson, 1951, 1961; de Queiroz, 
1999); then, we must also agree with the evolution of morphological characters as shifting 
combinations of frequency distributions of characters states (sensu Thiele, 1993). In the majority 
of cases, this process unavoidably involves the measurement of continuous phenomena and 
quantifiable traits in a probabilistic context. Wherever there is measuring there is also uncertainty. 
Body size is a central parameter for the differentiation of species in many biological 
groups (LaBarbera, 1989), and is a critical source of evolutionary novelty (Maurer et al., 1992; 
Lomolino, 2005). A change in body size is often accompanied by a cascade of physiological, 
morphological and behavioral modifications, which in turn restructures the selective pressures on 
these traits, and thus has adaptive implications (Glutton-Brock and Harvey, 1983; Lindstedt and 
Swaing, 1988). In Carollia, body size appears to play a fundamental role in the evolution of 
species (Fleming, 1991), and represents an important and accessible source of information for 
the study of species boundaries. In fact, my own experience suggests that species in Carollia are 
only effectively discriminated by their measurable differences in size, while other alleged 
diagnostic characters remain obscure and inaccessible, not only in empirical terms, but also from 
quantifiable and testable perspectives. 
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Through Fisher's (1936) discriminant method, I propose the identification of organisms 
within a probabilistic context. I also assess the reliability of body size and ACM. This probabilistic 
method honors the fuzzy nature of certain character states among species, and our inherent 
perceptual limitations towards recognizing boundaries among natural entities. A discriminant 
function was previously used by Jarrin-V. et al. (2010), which was limited to morphological data. 
This time I estimate discriminant functions with a-priori classifications from molecular data, and 
reevaluate the boundaries established by qualitative criteria in dichotomous keys. 
4.2. 1. The discriminant approach 
A list of specimens can be found in Jarrin-V. et al. (201 0) and are those used in section 
4.3. The statistical effects of sex on size and shape for these species have been found to be no 
different from zero by Jarrin-V. et al. (2010), and therefore I do not include sex as a factor in the 
discriminant functions. The a priori classification of the subset of samples into three species of 
bats was based on the molecular identity provided by the corresponding partial sequences of the 
cytochrome -b gene. These consist of -576 base pairs which have not been published or 
deposited in GenBank, and which where provided by Dr. Christopher Schneider and Charlie 
Kieswetter from the Biology Department at Boston University. The morphological variability 
observed in this subset of 48 bats was then used for estimating a discriminant function that 
maximized the Mahalanobis distances of the three species in morphospace. Once a discriminant 
function was available for the 48 samples, the total 411 specimens were discriminated through 
this function. A measure of classification error rate (sensu Lance et al., 2000) was estimated by 
comparing the identification available in museum tags and the estimated identity provided by the 
discriminant function. Instead of my own assessment of qualitative variability by using 
dichotomous keys, I based the analysis on the taxonomic information available in museum tags. I 
believe this last choice provides a better sense of the overall inherent error found in dichotomous 
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keys and the subjective interpretation of morphological variability by curators or collectors within 
the last two decades in Ecuador. 
The appropriate model of nucleotide substitution, as estimated through jModeiTest v. 
0.1.1 (Guindon and Gascuel 2003; Posada 2008), and selected by the Akaike Information 
Criterion (AIC), was the GTR + r. A phylogenetic hypothesis was estimated by Bayesian 
inference (BI) with MrBayes v. 3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist and 
Huelsenbeck 2003). Continuous character states where mapped into the estimated phylogeny by 
parsimony reconstruction in Mesquite v. 2.73 (Maddison and Maddison, 2010). Although the 
general structure of the model was constrained in this Bayesian analysis, I assumed no prior 
knowledge about the probability density functions on its parameters (e.g. substitution rates and 
nucleotide frequencies) and left these as the default priors in MrBayes (e.g. the probability density 
as a flat Dirichlet and the gamma parameter as a uniform distribution). This allows the MCMC to 
generate posterior probabilities for estimating these parameters, assuming no prior knowledge. 
The analysis was made with partitioned (site specific) codon positions, unlinked estimation of 
parameters within each partition, and variable rates of substitution per partition (with flat Dirichlet 
priors). 
The Bayesian analysis included 45 million generations, two independent runs, and four 
chains per run. Hypotheses were sampled each 2000 generations and the first 25% of these 
samples were discarded according to the behavior of the average standard deviation of split 
frequencies; which at 25% of the total generations reached a value of 0.006. The remaining 75% 
of the trees and parameters were respectively summarized in a 50% majority rule consensus 
tree. The parameters for the nucleotide substitution model had values of Potential Scale 
Reduction Factor (PSRF) that approached 1.00 after reaching 45 million generations. 
Micronycteris mega/otis and Noctilio /eporinus where chosen as outgroups, with samples 
D0077429.1, D0903812.1, AF330798.1and AF330802.1 from Gene Bank. 
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The length of the forearm (FA), the centroid size of the skull (CS) and the angle of 
curvature of the maxillary tooth row (ACM) were used as discriminant or predictor variables. 
These three characters represent aspects of size variation that are commonly used for the 
delimitation of the three species in Ecuador: Carol/ia castanea the smallest (n = 85), C. 
brevicauda the intermediate (n = 166), and C. perspicillata the largest (n = 160) (Jarrin-V. et al., 
2010). The FA of each specimen was measured with a digital caliper with a precision of 0.01 mm. 
The CS was estimated by a Generalized Procrustes Analysis (GPA) (Rohlf and Slice, 1990) and 
was based on a set of 141andmarks (Figure 17b). The ACM was obtained with the program 
lmageJ 1.36b (Rasband, 2006) and was a measure of plane angle in arcdegrees (Figure 17b). All 
morphological variables were screened for normality (Shapiro-Wilk's W test= SW), 
heteroscedasticity (Levene's test= L n, autocorrelation (Durbin-Watson = DW), specification error 
and multicolinearity (tolerance = T). These are important conditions for reducing bias and 
improving the efficiency and robustness of multivariate linear models. 
A series of preliminary general linear models, with a single predictor variable (either FA, 
CS, or ACM), species as the response variable and two of the three morphological characters as 
cofactors, were examined and compared to assess the reliability of samples for the 
implementation of discriminant functions. The fitness of the discriminant function (Fi), the 
homogeneity of multivariate error variance (Levene's test), the relative contribution of each 
cofactor, and a visual inspection of standardized residuals, estimated values, and parametric 
distances of influence (leverage and Cook's distance) provided a sense about the role and 
importance of the different individuals and variables that were used to generate the discriminant 
functions. In practice, these various statistical indexes proved useful in understanding additional 
aspects of the variability in character states among the three species of Carollia. 
Discriminant functions were based on equal prior probabilities for all groups, and 
generated on the within group variance-covariance matrices. Several discriminant functions were 
estimated, each differing in the number of explanatory variables and the order of entry into the 
model. These different functions were compared in terms of their relative fitness and role of each 
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discriminant variable. Discriminant functions were then chosen based on those variables that 
showed appropriate statistical and explanatory properties. These functions were then used to 
discriminate among the 362 individuals for which no genetic information on species identity was 
available. All statistical analyses were made in SPSS v. 15 (SPSS, 2006). 
4.2.2. Results 
The consensus hypothesis is depicted as a phylogram with FA mapped along its topology 
(Figure 18). Assuming the phylogenetic relationships depicted in Figure 18 are true; then, a 
proportion of samples (38%) has been incorrectly identified for all species. Figure 19 depicts 
morphospace before (a) and after (b) the recognition of species. Previous to the recalibration of 
morphospace with molecular information, C. perspicillata overlaps almost entirely with C. 
brevicauda. The boundaries for C. castanea remain distinct in all cases as the smallest species. 
Carollia perspicillata 
C. brevicauda 
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I Micronycteris mega/otis 
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Figure 18. A phylogenetic hypothesis for Carollia in Ecuador with a parsimonious reconstruction of FA. 
38% of all samples in this tree have been incorrectly identified. 
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Figure 19. An aspect of the morphometric space in Carol/ia before (a) and after (b) 
reclassification by molecular sequences and phylogenetic identity. 
The limitations for a reliable system of classification become evident if we observe the 
overall distribution in morphospace of the 411 samples (Figure 20). In both bivariate distributions 
it is possible to discern three "peaks" (i.e. the central tendency of three character states), which 
are due mostly to the influence of CS (Fig. 20a, b). These three visible summits, although 
considerably overlapping, imply the presence of three distinct entities, each with three fuzzy 
character states. The three species have the sharpest boundaries along CS. The poorest 
differentiation is along ACM, where there is only one distinguishable central tendency (one 
"peak"). It is useful to consider the distribution of variability, as depicted in Figure 20, for the 
interpretation of the discriminant functions explained next. 
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Within-group homogeneity is an assumption of multivariate analysis. A preliminary survey 
of the morphological data suggests that this assumption is satisfactorily met in the subset of 48 
phylogenetically-classified samples. A visual inspection of the frequency distribution, together 
with a test for normality, suggests that the three discriminant variables (FA, CS and ACM) 
approximate normality within groups ( 0.98 > SW > 0.86, 29 > d. f. > 9, 0.905 > P > 0.075). 
Homogeneity of variance among species cannot be rejected for CS (L T2, 45 = 0.45, P = 0. 708), but 
this cannot be so easily argued for FA (L h 45 = 2. 7 4, P = 0. 08) and there is strong evidence 
against it for ACM (L h 45 = 7.8, P = 0.001 ). The probability of erroneously rejecting the equality of 
the covariance matrices is marginally small (Box's M12, 2464.44 = 23.25, P = 0.07). There is no 
evidence for autocorrelation of residuals (OW= 1.49 vs. dU = 1.47 at a= 0.01, n = 45). 
Correlation values within species are no different from zero among all variables in a test for the 
population coefficient r (P > 0.13). Tolerance is acceptably large for ACM (T = 0.86), but not for 
CS (T= 0.23) and FA (T= 0.25). 
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Figure 20. The probabilities of membership according to the discriminant functions 
estimated with the length of the forearm (FA) and centroid size of the skull (CS}, and their 
relationship with the morphometric space delimited by both characters. 
Note that the probability of correct classification for Carollia brevicauda along FA never reaches 
1.00. 
In preliminary forward stepwise discriminant functions, ACM was recognized as the 
weakest discriminant variable, contributing little to the differentiation of groups and producing 
unwanted effects of heteroscedasticity and specification error in linear models. 
Additionally, ACM is the only variable dropped from the discriminant model after an stepwise 
procedure of variable selection. Thus, the best discriminant function in terms of robustness 
includes both FA and CS, and produces a first canonical vector that includes 99% of the variance 
among groups. CS contributes at least as twice as much as FA to the discrimination of groups. 
Standardized discriminant coefficients for both variables are 0.841 and 0.347, respectively. 
However, tolerance values for colinearity diagnostics suggest that the inclusion of both characters 
is problematic. This is not surprising given that both FA and CS are usually important components 
of an underlying multivariate size factor. Additionally, the presence of FA as a predictor with CS 
disturbs the robustness of the model in terms of the homogeneity of variances. When FA is 
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dropped from the model, the equality of variance-covariance matrices among species is greatly 
improved (Box's M12. 2464.44 = 23.25, P = 0.677). To avoid overestimation of fitness and bias in 
coefficients, I consider both of the following unstandardized discriminant functions: 1) Y = -
42.098 + 0.076 (CS); 2) Y =- 25.856 + 0.663 (FA). 
If both of the former functions are efficient discriminators; then, the cross-validation of 
groups should result in the correct reclassification of the 48 samples. Equation (1 ), which should 
be relatively more robust due to CS being less overlapped relative to FA, results in 92% of the 
samples correctly sorted into the three species. Equation (2) provides a slightly better 
discrimination, with 94% correctly classified. The misclassified samples are not the same 
between discriminant equations. This is because certain specimens have mixed properties; for 
example, large values for CS and low values for FA and vice versa. This condition further 
complicates any multidimensional approach to the delimitation of species. The results of 
classifying the 411 samples, with either of both discriminant functions, are summarized in Table 
12. A remarkable portion of specimens are not assigned to their respective species. Rates as 
high as 37.65% are present and the mean classification error rate is 29.16%. The classification 
error is the highest for the smallest (C. castanea) and largest (C. perspicillata) species. 
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Table 12. Summary of the classification results and percent of classification error rates. 
Misidentifications from discriminant functions with CS and FL as discriminant variables. Negative values of 
misiDs represent a subestimation of the true numbers of specimens within a species. Carollia castanea = 0, 
C. brevicauda = 1, C. perspicillata = 2. 
Original samples in each species according to museum tags 
Species Frequency Percent 
0 85 20.68 
1 166 40.39 
2 160 38.93 
Total 411 100 
Predicted group membership by discriminant function with CS 
Species Frequency Percent Percent of misiDs 
0 56 13.63 34.12 
1 141 34.31 15.06 
2 214 52.07 -33.75 
Predicted group membership for discriminant fuction with FL 
Species Frequency Percent Percent of misiDs 
0 53 12.90 37.65 
1 138 33.58 16.87 
2 220 53.53 -37.50 
Average percent of misiDs = 29.16 
The three species of Carollia can be depicted as a gamut of continuous variation of size 
in morphometric space (Figure 20). The distribution of the three species in this morphospace can 
be explained by a system of probabilities. These probabilities are a direct consequence of the 
degree of overlap in character states among species and our inherent limitations to know the true 
identity of samples. For the smallest (C. castanea) and largest species (C. perspicillata), the 
probability of belonging to either of both groups diminishes towards the center of the overall 
distribution of samples, and increases towards the lower and upper tails respectively. On the 
contrary, for C. brevicauda (the medium-sized species) the samples around the center are those 
187 
with the highest probability for a correct identification (Figure 21 ). The organisms that are part of 
C. brevicauda cannot be identified to full certainty when FA is the only diagnostic character. The 
probability of membership into this species never reaches 1.00 for FA 
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(a) 
(b) 
Figure 21. An aspect of the morphometric space formed by 411 samples of Carollia in 
Ecuador. 
The best boundaries are provided by the distribution of the centroid size of the skull (CS). 
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4.2.3. Remarks of the inherent uncertainty in morphological identification 
A sizeable portion of the morphometric boundaries in Carollia experienced a 
radical change after molecular identification. Such contrast suggests substantial incertitude in the 
identification of species. Overall, the use of CS (a geometric measure of skull size) provides more 
efficient discrimination. When using FA one may never be completely certain about the identity of 
samples for C. brevicauda. ACM is of apparently little use, and is one of many other characters 
which can be quantified. Previously, Jarrin-V. et al. (201 0) suggested rates of taxonomic error 
ranging from 30-40% . This study corroborates similar rates of error; with the added benefit that 
the a-priori identification of samples, necessary for estimating the discriminant functions, came 
from molecular sequences as an independent source of information from morphology. 
The use of discriminant analysis has never been applied for the classification of 
bats in the original sense designed by Fisher (1936), where one needs full certainty about the 
identity of samples for estimating the linear functions. By using molecular information, I avoid 
recurrence or circular reasoning when estimating the quantification of uncertainty in the 
classification of samples by morphological characters. My study, although geographically 
restricted, is a first attempt to devise quantitative tools for the identification of organisms in 
Carollia species. Further molecular and morphological information may corroborate or improve 
this quantitative approach. It is also evident that the classification of Carollia with morphological 
characters is inherently bound to error and uncertainty. 
In our search for boundaries in morphospace we must look for consistent clouds of 
character states, not only in morphological grounds but in any other dimension. This search must 
take into account that character states are intrinsically related to probability functions. Species 
may be morphologically cryptic, where the probability for a correct identification is very close to 
zero (Hedin and Wood, 2002; Bond, 2004; Sanders et al., 2006), but the same could be true for 
other kinds of evidence. For example, rapid morphological differentiation could occur with little or 
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no molecular barriers (Fulton and Hodges 1999, Doyle et al., 1999; Maddison and Hedin, 2003). 
Also, ecological and behavioral mechanisms could favor instantaneous processes of speciation 
(Sorenson et al., 2003; Gompert et al., 2006). Despite how species acquire individuality, 
speciation will express itself through an unavoidable tendency to clustering. This means that 
species will tend to form consistent distributions of character states, often in the shape of 
Gaussian surfaces or solids (Bhattacharya, 1967), where probability is an inherent property. This 
is one of the reasons why modern taxonomy has to evolve from qualitative descriptions, of limited 
power and accuracy, to quantifiable methods of precise statements of uncertainty. This is known 
as integrative taxonomy (Dayrat, 2005). 
4.3. Environmental components and boundaries of morphological variation in the 
Short-tailed Fruit Bat (Carol/ia spp.) in Ecuador47 
Species in Carol/ia, although loosely recognizable by size and shape, probably overlap in 
most morphological character states as well as geographic distribution and use of resources. A 
problem exists in the lack of understanding towards where and what this overlap is. Morphology 
in Carol/ia should vary accordingly to the environment, but these patterns remain unknown. 
Species may coexist as a function of environmental factors and sympatry may not be uniform 
along the distributional extent of these species. An informed perception about the morphological 
and ecological variation across their geographic range may clarify not only the limits and extents 
of their spatial and morphological boundaries, but also insights between the relationship of size, 
shape and environment. The present study is a quantitative analysis of the variation in 
morphology and environment for answering what limits their distribution, and how morphology 
changes with the environment within and among species. A combination of multivariate contrasts 
47 A version of this chapter was published in Jarrin-V. and Menendez (2011). 
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and partial least square analyses were used to assess the correlations and interactions between 
size, shape, distribution and environment among C. castanea (small size), C. brevicauda 
(medium size) and C. perspici/lata (large size) in Ecuador. I show how the three Carol/ia species 
vary and differentiate along an ecomorphological space of gradients, barriers, size and shape. 
From a macro-ecological perspective, and contrary to the theory of limiting similarity, the smallest 
species is also the most distinct in its environmental space and the one that experiences the 
strongest changes in shape across geographic regions. The other two, more similar species, in 
both size and shape, show a larger overlap in their environmental space. This seems to find an 
explanation in the role of size as a buffer to extreme or changing environments and the probability 
of higher gene flow for larger high-altitude species. 
4.3.1. Distribution, coexistence and environment 
At least three Carollia species co-occur in the Central Neotropics (sensu Eisenberg and 
Redford, 2000), but this number decreases with increasing latitude or altitude (York and Papes, 
2007). Sympatry in Caro//ia typically includes one small (e.g. C. catanea), one medium (e.g. C. 
brevicauda) and one large (e.g. C. perspicillata) species in Ecuador (Aibuja, 1999), Colombia 
(Mut'loz-Saba et al., 1999), Peru (Ascorra et al., 1996) and Bolivia (Loayza-Freire, 2002). Solari et 
al. (2006) reported four sympatric species at a locality in the Amazonian basin of Peru. In Mexico, 
at the northern limits of the distributional range for Carollia (Ceballos et al., 2002), there are at 
least three species, but only two have been reported to coexist in sympatry (e.g. Medellin, 1994; 
Medellin et al., 2000). Towards the southern tip of its distributional range there is a single known 
species in Argentina (Barquez, 1988). 
There is little detailed information on patterns of co-occurrence throughout the entire 
distributional range of Carollia. Most of the available data are broad in detail, qualitative in their 
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characterization and spread over numerous technical publications, as descriptions, inventories 
and species lists (e.g. Anderson, 1993; Emmons and Feer, 1997; Cherem et al., 2004). At a finer 
spatial and quantitative scale, uncertainties remain regarding whether these species are fully 
sympatric (sensu Albuja, 1999; Tirira, 1999), what their degree of overlap in geographic 
distribution is, and if their environmental spaces differ. 
An analysis of the relationships among environmental, spatial and morphological 
characters may help us understand the boundaries for these three dimensions in Carol/ia and the 
mechanisms responsible for the estimated patterns of sympatry and overlap. For example, little is 
known about how altitudinal gradients along the Andes affect the morphology and distribution of 
Carollia (York and Papes, 2007). In order to determine which factors may restrict the distribution 
of these species, and which species are more affected and why, I assessed the multivariate role 
of the environment on distributional patterns and its relationship with morphological variation. 
For Carollia castanea, C. brevicauda and C. perspicillata I propose specific questions (in 
numbers) and corresponding predictions (in letters) of the possible correlations between 
morphological and environmental variables: 
1) Are the estimated morphological and genetic distances among species in Carollia 
positively correlated with environmental distances? 
a) Given that Carollia castanea is the most distinct species, from both genetic and 
morphological perspectives (Hoffman and Baker, 2003; Jarrin-V. et al., 2010), we would expect 
that statistical distances from remote sensing data will be also large when compared to the other 
two sister species (i.e. C. brevicauda and C. perspicillata). This argument may seem to contradict 
Hutchinson (1959) and York and Papes (2007), where the evidence favors the idea of 
dissimilarity promoting coexistence. If their argument is true, then the pair of species most distinct 
in size and shape (i.e. C. castanea and C. perspicillata) will share similar environments (i.e. 
relatively large morphological distances vs. small distances in multivariate means for remote 
sensing data), because both will show the necessary morphological differences to coexist and 
avoid competition for resources. I am instead proposing that the more distinct a species is in its 
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morphology, the more distinct its environment and habitat must also be, because morphology 
should reflect environmental adaptation and geographic isolation. Concurrently, I expect minimum 
environmental differences between C. brevicauda and C. perspicillata; especially, given the 
extent of overlap in morphological character states and relatively small genetic distances between 
them {Hoffman and Baker, 2003; Jarrin-V. et al., 2010). 
2) Are the environmental effects of elevation similar for all three species? How do size 
and shape interact with elevation? Are there additional environmental factors, not related with 
elevation, that are important in this interaction? 
b) Since body size often restructures selective pressures and can serve adaptively as a 
buffer to extreme environments {Glutton-Brock and Harvey, 1983; Lomolino, 2005), I expect a 
positive correlation between size and elevation, and therefore a noticeable difference in the 
altitudinal distribution of species. Relationships may also exist between environmental variables 
and shape, as mediated by the corresponding effects of elevation and size. Additionally, there 
may be unknown relationships between shape and environmental factors not associated with 
elevation; most likely the result of the distinctions between Chocoan and Amazonian habitats. 
3) Is there any difference in the traits for morphology and environment for the three 
species in Amazonian versus Chocoan habitats? Could the comparative magnitude of these 
differences among the three species be explained by the observed correlation of size and 
environment? 
c) I expect that the high Andes will act as a barrier to gene-flow, contributing to 
morphological differentiation of lowland populations at both western and eastern habitats. I also 
expect that larger size may provide a wider range of altitudinal distribution, and hence a greater 
opportunity for gene-flow, resulting in smaller morphological distances among populations. 
Environmental differences between Chocan and Amazonian habitats should further contribute to 
the morphological differentiation of populations within species. 
The wide range of ecological regions, ecotones, and environmental gradients in Ecuador 
provides a rich and complex mosaic of information for testing the proposed predictions. A detailed 
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answer to each of these questions will help us understand why species have environmental and 
spatial boundaries, and how much these boundaries can overlap. Environmental variation is 
represented here in the form of climatic and remote-sensing data, in terms of geographic 
information systems (GIS) and spatial analysis. Variation in environment should provide evidence 
for habitat preferences, species distribution and coexistence, as well as patterns of change in 
shape and size. 
4.3.2. Methods: environment and morphology 
Variation in biological shape and size among species is often the first and most notorious 
cue providing a sense of recurrence in nature's diversity, and therefore foremost material 
judgment for species recognition. Our brains acquire, interpret and simulate the shapes, colors 
and other characteristics of nature (Dawkins, 2006), providing us a sense of discreteness for all 
things that, apparently or genuinely, express as recurrent phenomena. These sensed patterns, 
nevertheless, are not necessarily accurate and may change once devised alternative 
perspectives over the inherent variation of nature (e.g. cryptic species or subjective categories). 
In this sense, morphological information is subject to numerous underlying factors of variation; as 
for example, a complex array of interactions between genome and environment, which frequently 
make the interpretation and delimitation of morphological variation among species a convolute 
matter. Consequently, as an alternative solution to the inherent handicaps of morphological 
delimitation for the species in Carollia (Jarrin-V. et al., 2010), I resorted in this study to a 
particular interpretation of the species entity by recurring to the phylogenetic pattern provided by 
haplotype sequences obtained from a segment of the Cyt b gene. This approach, used to delimit 
the available sample into Carollia castanea, C. brevicauda and C. perspicillata, has been 
previously described in detail in Section 4.2. 
Data recording.- The specimens included in this study represent all the available skins 
and skulls housed at the Museo de Zoologia de Ia Pontificia Universidad Cat61ica del Ecuador 
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(QCAZ). The distributional data for the three Carollia species was obtained from museum tags 
attached to each specimen and the available databases at the aforementioned museum 
collection. Species names and taxonomic arrangements follow published authorities (Simmons, 
2005). A list of all the specimens that were used is included in Jarrin-V. et al. (201 0). 
The analyses were based on a total of 408 specimens (C. castanea = 62, C. brevicauda 
= 120, C. perspicillata = 226) at 59 unique localities within Ecuador (C. brevicauda = 49, C. 
castanea= 27, C. perspicillata = 36). Environmental data included interpolated climate metrics 
and remote-sensing data, and consisted of 27 variables spanning a range of aspects from 
temperature and rainfall to land cover. The shape of the skull of each specimen was described by 
a set of 13 landmarks (Figure 22) and 11 pairs of partial warps, including the uniform component. 
Figure 22. Configuration of landmarks for the analysis of variation in the shape of the skull. 
Geometric morphometric data.- An explanation of the methods used to measure the 
morphological variation of the skull, with a description of the general patterns of variation for the 
specimens considered in the present study, has been previously detailed in Jarrin-V. et al. 
(2010). Geometric morphometric techniques have a natural advantage over the measure of inter-
landmark distances because of their robust mathematical approximation to the treatment of size 
and shape in the context of theoretical geometric spaces (Bookstein, 1991; Rohlf, 1998; Kendall 
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et al., 1999). I used partial warps, including the affine components. Partial warps are linear 
combinations of landmarks spanning a linear space (tangent space) on which parametric 
statistical operations can be performed. Partial warps describe deformations in localized regions 
of the overall shape. These are mathematically, not biologically, individualized aspects of 
variation; therefore, these variables must be analyzed and interpreted together when explained in 
the context of factors such as environmental variables (Monteiro, 2000). Specimens were 
projected onto the tangent space by an orthogonal projection. The affine components were 
included by keeping the a parameter null (Rohlf, 1993) and estimated by the complement method 
(Rohlf and Bookstein, 2003). Aligned specimens were size-scaled to unit centroid size (Dryden 
and Mardia, 1998). This provides two mathematically independent (but not biologically 
independent) aspects of morphological variation, shape and size. 
Climate data.-1 used 19 climate metrics for Ecuador from the WorldCiim database 
(WorldCiim version 1.4, Hijmans et al., 2005a). This information was generated by the 
interpolation of average monthly temperature and precipitation values collected over a period of 
50 years. Monthly data was summarized into 11 temperature and 8 precipitation metrics or 
bioclimatic variables (BIO 1-19; see Appendix 2 in Jarrin-V. and Menendez, 2011 ), with an 
approximate spatial resolution of 1 km. These variables characterized the habitats of Carollia 
species and were considered meaningful estimates of biological distribution (Busby, 1991; 
Pearson and Dawson, 2003; Ulrich et al., 2007). Longitude and latitude were also included as 
geographical variables in all analyses. 
Remote-sensing data.-Remote-sensing variables were obtained from a number of 
satellite sensors. These provided measurements of the characteristics of the habitat occupied by 
the species (Turner et al., 2003). The available data encompassed different surface parameters 
such as vegetation greenness, leaf area, roughness, wetness, seasonality and topography. 
Remote-sensing data was obtained from the Moderate Resolution Imaging 
Spectroradiometeter (MODIS) satellite. Monthly 1 km-data, derived from MODIS over a period of 
five years (2000-2004), was converted into annual normalized differences of vegetation index 
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(NDVI) and leaf area index (LAI). LAI metrics provide information on foliage density and structure 
of the vegetation canopy (Myneni et al., 2002). NDVI metrics provide estimates of net primary 
productivity and leaf biomass, as well as vegetation seasonality (Tucker et al., 1983, Boone et al., 
2000). The total of 7 LAI metrics and 3 NDVI metrics was reduced into a new set of less 
correlated variables of 3 LAI and 1 NDVI metrics. 
I also quantified forest cover from the MODIS-derived vegetation continuous field (VCF) 
product, at a resolution of 500 m per pixel (Hansen et al., 2002). This metric provided a measure 
of the percentage of tree canopy cover derived from a global data set collected over the year 
2001. This layer was re-sampled to a spatial resolution of 1 Km to facilitate analysis across the 
spatial extent. 
In addition, I used microwave remote-sensing measurements that included data from 
global QSCAT (Quick Scatterometer) available in 3-day composites from the year 2001 at a 
resolution of 2.25 Km (Long et al., 2001). QSCAT radar measurements are sensitive to the 
properties of vegetation surface, such as moisture content, leaf size and branch orientation; as 
well as other seasonal attributes, such as deciduousness of vegetation (Frolking et al., 2006), 
and depends on the roughness and dielectric properties of a particular target (Long et al., 2001; 
Prates et al., 2008). For the present analysis, I used two metrics that included annual mean and 
standard deviation of radar backscatter with horizontal polarizations at 1 Km in spatial resolution. 
Finally, a digital elevation layer from the Shuttle Radar Topography Mission (SRTM) was 
included in the analysis (Farr, 2007). This metric was modified from the native 90 m resolution to 
the 1 km spatial resolution in order to maintain consistency with other environmental layers. 
Overall, 8 remote-sensing data layers (3 LAI, 1 NDVI, 1 VCF, 2 QSCAT and 1 SRTM), 
representing vegetation and landscape features, were included in the analysis. 
Environmental analysis.- Spurious results can be produced when applying parametric 
contrast tests such as MANOVA to non-normal data. Critical to a robust MANOVA is the normality 
and homogeneity of the error terms within groups. Accordingly, I apply the necessary tests and 
assessments of statistical assumptions previous to parametric or non-parametric tests (i.e. 
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Mardis's skewness and kurtosis, Box's M and Levene's test). Environmental variables were also 
highly correlated. Conveniently, most ordination methods, such as principal component analysis 
or partial least squares analysis, are robust to violations of normality (Quinn and Keough, 2002). 
In addition, ordination methods, such as principal component analysis (PCA), deal with the 
problem of high correlations by reducing the dimensionality of the data and resolving linear 
relationships among variables. The interpretation of components could be complicated by the 
relatively large number of variables in this study (n=27). To ease interpretation, I used biplots, 
which provide a clearer understanding of the relationships of variables and distribution of samples 
within factor space. 
Values for the 19 climatic and 8 remote-sensing variables (see Appendix 2 in Jarrin-V. 
and Menendez 2011) were extracted at each locality with Diva-GIS 5.2.0.2 (Hijmans et al., 
2005b). A matrix of correlations of these variables was used to estimate principal components 
(PCs) that provided a depiction of the relative degree of clustering in the estimated environmental 
space among species. All variables were weighted equally and the canonical space of the PCs 
was reinterpreted after a varimax rotation. 
Differences in the location of central tendencies, or centroids, estimated by the 
distribution of geographic samples along principal components, were tested using both 
parametric and non-parametric multivariate analysis of variance (MANOVA). For this model, 
species was the regressor and the PCs were regressands. Even if assumptions of normality are 
violated, the model can still have relative robustness, especially considering my reasonably large 
sample size (Stevens, 2002). I based my conclusions on Pillai's statistic, which compares the 
differences in the location of centroids among groups. This is a relatively robust statistic 
compared to others of similar kind (Olson, 1974). Following the multivariate contrast, ANOVAs for 
between-subject effects were used to determine which PCs accounted for low P-values. Finally, 
to evaluate differences between pairs of species for each dependent variable, I performed post-
hoc multiple comparison tests using the Tamhane procedure (equal variances not assumed). 
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The distance among central tendencies between groups complements the statistical 
evidence against the null hypothesis (P-values). Relying solely on P-values can be potentially 
misleading, since this index does not provide a sense for the practical significance of the 
differences detected by statistical contrasts (Cohen, 1994; Sterne and Smith, 2001 ). Thus, 
whenever possible, I mentioned the effect size (Cohen's d or partial rl) in parametric statistical 
contrasts as defined by Cohen (1988). I also paid special attention to the distribution of samples 
in canonical space generated by multivariate axes. Calculations of effect size varied among 
statistical models and tests; however, they all conveyed a comparable sense about the 
magnitude of the differences between or among groups. Statistical analyses and graphs were 
made in SPSS v. 15.0, Statistica v. 7.0 and Past v.1. 75b (Hammer and Harper, 2001 ). 
Partial/east squares analysis (PLS) .-The relationships between two sets of variables 
can be assessed by exploring firstly the covariation within and between both sets; and, secondly, 
by extracting consecutive non-orthogonal paired vectors of maximum covariance spanning the 
variation observed in the variance-covariance matrices of the original sets of variables. The 
present case involved a complex array of environmental factors (i.e. interpolated climate metrics 
and remote sensing data) versus a multifaceted collection of shape descriptors known as partial 
warps and uniform component. These shape descriptors were obtained from the geometric 
morphometric analysis. Both types of data are suitable material for the application of partial least-
squares analysis (PLS). To estimate the results from the PLS I used tpsPLS version 1.18 (Rohlf, 
2006). An advantage of using tpsPLS is its integration with thin-plate spline theory, allowing 
visualizations of the geometric estimates of the shapes in analysis along the vector space of both 
shape and environment. Although the PLS does not imply a direct cause and effect relationship 
between sets of variables, it is advantageous in terms of ordination and graphic interpretability. 
Hence, the PLS allowed to identify environmental variables that co-varied with morphology, within 
the framework of a low-dimensional space. 
Within the space spanned by both environmental and morphological vectors, it is 
possible to assess the distance and shared level of overlap among groups. The statistical 
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probability for the distances among the centroids of each species, within the space estimated by 
the PLS, was assessed using a MANOV A. This linear model included the two first environmental 
or shape vectors as regressands and species as the regressor. I was also interested in any 
detectable individuation or separation along vectors of environment and morphology within each 
species. For the case of analyses of within species variability, centroid distances in the shape 
vectors of the PLS were tested by a MANOVA model, with the first two vectors of shape as 
regressands and four geographic regions as regressors. Geographic regions were western 
lowlands, western highlands, eastern lowlands and eastern highlands, as defined by Baquero et 
al. (2005). In addition to Cohen's effect size, the Euclidean distance between centroids (jx-yl) was 
considered as a measure of morphological distance for lowlands on both sides of the Andes. This 
distance was compared among the three species to assess any coherent patterns suggesting 
environmental preference or morphological change. 
A comment on measuring the environmental dimension.-! believe the environmental 
distribution of species has to be appropriately seen as a continuum graduated by population 
density, with peaks or maxima at those regions favoring high numbers of individuals due to the 
existence of optimal environmental conditions (Odum and Pinkerton, 1955). Under ideal 
circumstances, of unlimited resources for research and accessibility to information, all 
observations for the presence of particular species at particular environments should require also 
some sense about the strength of such presence. This strength is measured relative to the 
frequency or number of individuals that exist at any particular environment.48 
Thus, the environmental distribution of species across particular environments must be 
understood as any other evolutionary character. This is a continuum of varying probability density 
functions estimated on the number of individual observations at each particular environmental 
value. This is measured mostly by the number of observed or estimated organisms per unit area 
48 This has been a contentious subject with some colleagues that work with spatial analysis. 
Although my knowledge is limited in this area of GIS analysis, I stress my argument about data only making 
sense when its true nature is acknowledged. In this case, geographic presence of species as a scaled 
gamut based on the number of individual organisms per unit area. 
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and across an environmental variable. As any other character, the environmental space of a 
species is shaped by the number of counts along the scale of environmental variation. Just like a 
morphological character, such as the length of the forearm, acquires meaning by the 
measurement of a reasonable amount of samples, an environmental character achieves its 
estimated statistical distribution in a similar fashion. In terms of a geographic area, absence is the 
extreme of a frequency distribution tail in which values for presence reach zero. Presence, on the 
other hand, expresses through a finite range of possible values. For this reason, presence is not 
only the contrary of absence, but this last is also one aspect of the entire gamut of values that the 
variable presence may show for a species. To explain the environmental distribution of a species 
in terms of the binary presence vs. absence is a substantial abstraction. The larger the number of 
individuals at a particular environmental value, the higher this value should be ranked along the 
distribution of the environmental character for a species. 
I think that the environmental properties of species should be measured as any other 
biological character having an inherent continuous nature (pp. 11, 14, 45 61 ), but not simplified to 
the binary absence/presence alternative. Appropriately, statistical analyses, such as MANOVA or 
Chi-square, incorporate information about the frequency of observations into the estimates of the 
model. However, most statistical graphs included in this manuscript convey solely the dimension 
of presence but not the magnitude of individual observations made for each environmental value. 
Hence, I devote particular emphasis to this aspect including also a bubble plot reflecting the 
number of individuals considered per locality. I must clarify this is not an appropriate measure of 
abundance, but only a convenient representation of the number of samples available at each 
locality. I must also highlight that these samples represent at least two decades of sampling effort 
from part of numerous researchers associated to the QCAZ museum. The bubble plot (p. 210) 
depicts the influence of the observed number of registered observations at particular localities for 
the estimation of statistical parameters in environmental variables. Hence, the environmental 
variation estimated in such a quantitative method explains aspects related to variation and limits 
among closely related species. 
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4.3.3. Results 
Environmental analysis.-Despite the common believe on the sympatry of the three 
species of Carollia in Ecuador, the results in this chapter provide evidence favoring environmental 
differentiation for both largest species (C. brevicauda and C. perspicillata) against the small C. 
castanea. 
As a coarse first approximation to the patterns of distribution: Carollia castanea shares 14 
localities with C. brevicauda and 11 with C. perspicillata relative to a total of 23 sampled localities 
for the former species. Alternatively, C. brevicauda and C. perspicillata share 22 localities out of a 
total of 43 and 44 respectively. This is roughly an overlap of half the totality of localities shared by 
C. castanea and one fourth of all localities shared by either C. perspicillata or C. brevicauda with 
the former. A series of Chi-square tests (l) for the distribution of samples at each locality 
provided low probabilities for random distributions. For the sake of brevity and space I do not 
include detailed information of contingency tables and I results, it suffices saying that 
probabilities against random distributions were low (P<0.01). 
A perspective on environmental and ecological overlap is provided by the PCA analysis. 
The first two principal components explain 67.47% of the overall variance. The first component 
(PC I) can be interpreted as a measure of temperature and elevation. Along this axis, cooler and 
higher localities have negative loadings, while warmer and lower sites have positive loadings. PC 
II is related mostly to precipitation, with high loadings for BIO 14, 15, 17 and 19 (Table 13). 
Overall, the three species coexist in the same environmental space, except for the area delimited 
by quadrant II, where the two larger species, C. brevicauda and C. perspicillata, are present, but 
the small C. castanea is absent (Figure 23). Quadrant II corresponds to the environmental space 
of the Eastern Andes, geographically delimited by the eastern versants of the Andes and 
environmentally characterized by a complex combination of factors (Figure 23 and Figure 24). 
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Although not as remarkable as the limit of quadrant II for Carollia castanea, the other two 
species show some differences in their distribution along the estimated environmental space 
depicted in Figure 23. Overall, there are a larger number of samples belonging to C. perspicillata 
towards the lower corner of quadrant IV relative to C. brevicauda. This environmental space 
spans the western lowlands of Ecuador and is characterized by marked seasonality, or 
environmental variation, with large values for 810 15 and 810 4 and small values for 810 3. 
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Table 13. Factor loadings after a varimax rotation from the PCA analysis. 
PC 1 represents mostly temperature. PC 2 represents mostly rainfall. Grey bars show the relative 
magnitude of values in each cell. 
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Figure 23. Results of the PCA on the environmental variation of Carollia in Ecuador. 
Carol/ia castanea is absent from quadrant II, this is the environmental space representing the 
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Eastern Andean Slopes. Variables used to estimate component factors are represented as vectors in the 
vector plot at the center of the figure. The plot for the total environmental space includes the Andes and 
lowlands delimited according to Baquero (2005), the contour line encircles the total Andes. 
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Relative to Carollia castanea, C. brevicauda and C. perspicillata are found at higher 
elevations and cooler environments (quadrant II in Figure 23). However, the estimated statistical 
space of environmental distribution that is unique for both former species is also somewhat more 
complex in its description. By definition, a space is a multidimensional construct along which 
variables experience uninterrupted change in their quantities. This space assumes a 
supplementary level of complexity when it is formed by components or factors of multivariate 
origin. It is for this reason that the description of the space delimited by quadrant II in Figure 23 
must be expressed in terms of combinations of individual variables and trends of change along its 
extent. 
Hence, the localities along the fourth quadrant extend mostly over a range of increasing 
precipitation during driest and coldest periods (i.e. larger values for parameters BIO 14, 17 and 
19). This environmental trend, however, is not what solely defines the differences against C. 
castanea, but also important are its combination with decreasing precipitation seasonality (i.e. 
less variation in weekly precipitation, BIO 15}, increasing isothermality (i.e. how temperature 
varies daily compared to the yearly average in temperature, BIO 3), relatively low values of a 
general underlying component of temperature (BIO 1, 5-6, 8-11 ), and relatively large values for 
elevation (topography) (Figure 23 and Figure 24, Table 13). This area, in particular, is where 
extensive and systematic mammal collections were made a few years ago (2001-2002) by a team 
of researchers at Texas Tech University (TTU) and Pontificia Universidad Cat61ica del Ecuador 
(PUCE). Using more than a dozen mist nets per night over a period of nearly one month (Carrera, 
2003), over a hundred bats were collected (various genera apart from Carollia). Hence, quadrant 
II represents an area that has been rather comprehensively sampled. The localities that provide 
data for quadrant II occur more or less at the same elevation, have similar values for topography 
as depicted in Figure 23, but traverse the environmental gradient previously described. 
Figure 24. Map with localities and relative number of individuals used for analysis. 
Highlighted by a square is the approximate geographic area for which differences are found in 
quadrant II of Figure 23. 
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The differences in environmental space among species, as estimated by the PCA, can 
also be simplified by a contrast of variables with the highest loadings in each dimension; for 
example, mean temperature of the wettest quarter (810 8) versus mean precipitation of the driest 
quarter (810 14) (Figure 25). Carollia brevicauda and C. perspicil/ata occur along a region of 
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relatively lower temperatures in contrast to C. castanea. Temperature (BIO 1) is inversely 
correlated with elevation (TOPOGRAPHY), and the difference of Carollia brevicauda and C. 
perspicillata versus C. castanea in these two environmental variables is evident in Figure 26. In 
general, the species with the highest recorded elevation is C. perspicillata (mean altitude= 695 
m, range=60-2.207 m), but C. brevicauda shows a similar pattern of occurrence at higher 
elevations (mean altitude= 799 m, range=11-2.020 m). Conversely, C. castanea has not been 
recorded above 1.450 m (mean altitude= 329m, range=11-1.427 m). Interestingly, records of 
elevation above 1.000 m are exclusive to western populations of C. castanea. Eastern 
populations of this species remain under 1.000 m. In the west, C. castanea reaches 1.427 m; this 
is the same altitude reached by C. perspiciflata. In the east, C castanea reaches 839 m; this is 
1,368 meters below C. perspicillata. This is a remarkable difference between western and eastern 
environments. 
Translating graphic representations of data distribution into rigorous probability 
statements upon the effects of environmental factors is provided by multivariate analysis of 
variance for both PC 1 and PC 2. As mentioned earlier, environmental data, represented here by 
PC 1 and PC 2, are far from the assumptions of normality (Mardia's multivariate skewness and 
kurtosis are both P < 0.001 from normality), multivariate homoscedasticity (Box's M = 67.74, P < 
0.001), and equality of error variances (Levene's test with P < 0.001 for both components). Efforts 
to transform PC I and PC II into a logarithmic scale, in order to improve normality, did not result in 
perceptible better fits. Thus, I proceed to investigate the probability of finding the observed 
differences among environmental components by means of both parametric and non-parametric 
MANOVAs. Even if assumptions of normality are violated, the model can still have relative 
robustness, especially considering the reasonably large sample size of this study (Stevens, 
2002). The linear model in this case includes both first principal components as response 
variables and species as the regressor. 
The centroids of Figure 23 (or their environmental multivariate distances) show 
differences among the three species in Carollia as determined by Pillai's trace test statistic (F = 
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26.42, df = 4/810, P < 0.001, partial 172 = 0.12) and univariate variance tests suggest this 
dissimilarity occurs in both PCs individually (PC I: F = 13.24, df = 2/405, P < 0.00 1, partial 172 = 
0.06; PC II: F = 41.03, df = 2/405, P < 0.001, partial 172 = 0.17). Tamhane tests suggest 
differences occur for C. castanea on PC I and among all species on PC II (P < 0.01 in all cases). 
The results from an npMANOVA, based on Bray-Curtis distances and 10.000 permutations, are 
similar relative to multivariate differences among groups (F = 519.2, P < 0.001), although with 
less robustness in terms of probability against the null hypothesis. Univariate non-parametric 
tests for both PCs conform to the multivariate test (PC 1: Kruskai-Wallis l = 24.32, P < 0.001; PC 
II: Kruskai-Wallis l = 52.03, P < 0.001 ). 
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Figure 25. Scatter plot and bubble plot depicting a contrast of temperature (810 8) vs. 
precipitation (810 14). 
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The bubble plot depicts the relative numbers of individuals per locality and species. Carollia 
cstanea is restricted to higher temperatures relative to C. perspicil/ata and C. brevicauda. The vertical line 
shows the limit in distribution for C. castanea. 
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Figure 26. Boxplot for 8101 and Topography depicting large differences for C. castanea 
relative to C. brevicauda and C. perspicillata. 
Carollia castanea shows a sharp preference for higher temperatures and lower elevations, except 
for a number of extreme values (circles) and outliers (asterisks). 
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Environment-shape relationships.-Having assessed some of the statistical aspects on 
the use of geographic and environmental space among species, I proceed next to evaluate 
information regarding the possible effects of the environment on the shape of the skull among and 
within species in Carolfia with the partial least-squares analysis (PLS). PLS is a multivariate 
ordination technique which relies on graphic displays of both vectors and individuals (Figure 27-
Figure 32). The first environmental vector (E1) is paired (covaried) with the first shape vector (S1), 
the second environmental vector (E2) with the second shape vector (S2) and so on. 
The PLS analysis among the three species in Carolfia is consistent with the 
environmental pattern estimated by the PCA (Figure 23). Accordingly, the location of the 
centroids for species, within the estimated environmental space (environmental plot, Figure 27), 
shows that C. castanea differs most in environmental space compared to the other two species, 
exhibiting the largest Euclidean distances (lx-y1=2.34 to C. brevicauda and lx-y1=2.27 to C. 
perspicillata). Environmental differences for C. castanea are expressed mainly along the vertical 
axis (E2). Compared to the other two species, these differences are mostly due to the markedly 
positive effects of elevation (TOPOGRAPHY) and temperature (810 1, 5, 6, 8, 9, 1 0). In terms of 
the relative position of centroids, C. brevicauda is characterized by greater levels of precipitation 
(810 12, 14, 17, 19) and a wider temperature range (810 2, 7), while C. perspicil/ata is 
characterized by higher levels of environmental variation in temperature (810 4), precipitation 
(810 15) and humidity (H_STDV). The distances among centroids in the environmental space are 
not products of chance (Pillai's trace=0.35, F=43.49, df=4/808, P<0.001, partial rl=0.18), since 
the first (E1: F=65.74, df=2/404, P<0.001, partial f72=0.25) and second (E2: F=25.05, df=2/404, 
P<0.001, partial f72=0.11) vectors contribute significantly to the differences among species. The 
environmental model (Figure 27, E1 vs. E2), however, is not as statistically robust as the shape 
model (described next), with poor fit to homoscedasticity and equality of error variances (Box's 
M=76.55, P<0.0001; Levene's test with P=0.876 and P<0.0001 for both E1 and E 2 components 
respectively in Figure 27). 
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Shape space conforms to the expected distances among species (shape plot, Figure 27). 
C. castanea is the most distinct, with the largest Euclidean distances in relation to C. brevicauda 
(lx-y1=0.018) and C. perspicillata (lx-yi=0.026). Statistical differences among the three species, 
along the first two shape vectors, are distinct from zero and relatively strong (Pillai's trace=0.61, 
F=89, df=4/808, P<0.001, partial f72=0.31 ). These differences occur mostly along the 1st shape 
vector (F=284.51, df=2/404, P<0.001, partial f72=0.58). The distances along the 2nd vector are 
noticeably smaller, with a small probability of observing these distances by random chance under 
the null hypothesis (F=32.91, df=2/404, P<0.001, partial f72=0.14). The shape model conforms to 
homoscedasticity (Box's M=10.85, P=0.097) and equality of error variances (Levene's test with 
P=0.462 and P=0.067 for both 51 and 52 components respectively). 
Of prime interest, and to answer the first question proposed in this study, is the 
relationship between shape and environment depicted by the PLS (Figure 27), and the role this 
factor has in the distribution of shape in samples among and within species. Both the 
environmental and the morphological plots covary in such a way that a displacement along the 
space spanned by vectors E1 and E2 corresponds to a space through 51 and 52. This is how 
both geographic longitude (LON_EX) and forest-leaf cover variables (LAI 1, 3, NVDI7 and TREE) 
are most strongly correlated with the major axis of variation in shape (51). Additionally, but to a 
lesser degree, 51 is also correlated with vectors related to environmental seasonality (BI03, BIO 
4, BIO 15, H_STDV). Hence, positive values towards the right of E1 represent eastern 
environments with higher levels of leaf cover and forest density. Negative values, on the other 
hand, represent western environments with greater temperature and precipitation seasonality 
(Figure 27). The variation in skull morphology, among and within species, occurs mostly along the 
first axis of the shape plot (51), which covaries with first axis of the environmental biplot. 
Consequently, the geographic western-eastern axis appears to influence a major trend in shape 
variation within and among species. This major trend of shape variation along 51 is also 
correlated with temperature (BI09, 5, 11, 1, 10 in order of importance), although to a lesser 
degree (Figure 27). I omit a table of correlation values, because I consider Figure 27 and the 
direction and length of the vectors self-explanatory and sufficient graphic evidence for the 
previous description. The following perspectives upon the environmental and morphological 
space of each species explore in further detail the formerly described trends. 
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The shape space depicted in the lower plot of Figure 27 spans a gamut of estimated 
geometric configurations of the skull for all three species that were analyzed. By following the 
estimated geometric configurations of the skull along the linear trend of change projected by a 
linear regression of environment (E1 and E2) on morphology (S1 and S2) along the bi-
dimensional shape space (Figure 27), I can compare the shape configurations at the extremes of 
this regression line (Figure 28). Both shape estimates in Figure 28 represent the terminal points 
along the regression line depicted in Figure 27. These terminal points of the linear regression can 
be either in environmental or shape space, and are the opposite tendencies along a linear trend 
of continuous and overlapped morphological variation among the three species. Changes occur 
mostly in the occipital and squamosal regions of the skull, with a relative contraction of these 
areas in western environments. A similar pattern of shape variation is evident in further contrasts 
within species and between western and eastern habitats, as is discussed next. 
Within species, the PLS analyses suggest a relatively mild to strong environmental 
covariation with the shape of the skull (Figure 29-Figure 31). Canonical vectors of environment 
and shape covary with indexes ranging from 0.38-0.62 for the first two pairs of the PLS in each 
species (Table 14). Relative to the other two species, the largest covariances of shape and 
environmental vectors are found in the smallest species C. castanea. This implies strongest 
patterns of variation in shape for C. castanea as compared to C. brevicauda and C. perspicillata 
in the context of environmental space. The orientation of the axes varies among species but 
results are comparable. For example, western habitats are always characterized by positive 
vectors of 81015, 810 18, H_STDV and Lat_EX. A convex hull is included for individuals at 
western lowlands to provide a better sense of the amount of overlap among samples. In terms of 
sample overlap (relative position of the convex hull), reasonably good differentiation is present in 
the shape of the skull among populations on either side of the Andes for C. castanea and C. 
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brevicauda (Figure 29-Figure 30 respectively). In this sense, the largest overlap for shape within 
species is for C. perspicillata (Figure 31 ). Despite the lack of a sharp demarcation in terms of the 
distribution of samples in morphospace, multivariate centroids of shape (depicted by 95% 
confidence ellipses) differ in position, and thus provide relevant statistical evidence (reasonable 
low P-values) of differences between western and eastern populations for all species (MANOVA, 
Table 15). For most cases, given the observed conditions of sample size, homoscedasticity and 
equality of error variances, parametric contrasts are robust. Of interest are those low probabilities 
against null differences between western and eastern populations (Table 15). 
Table 14. Percent of covariance explained by the first 10 pairs of vectors (environment and 
skull shape) and strength of correlation after the PLS analysis (% cov, corr). 
Vector C. castanea C. brevicauda C. perspicillata 
pair n = 62 n = 120 n = 226 
60.83, 0.62 40.58 ,0.42 69.52 ,0.51 
2 21.51' 0.44 30.26 ,0.41 17.16 ,0.38 
3 7.54, 0.43 14.72 ,0.38 7.31 ,0.34 
4 3.74, 0.49 5.48 ,0.27 3.4 ,0.44 
5 2.96, 0.34 3.76 ,0.36 1.19 ,0.28 
6 1.38, 0.44 1.88 ,0.28 0.65 ,0.23 
7 0.83, 0.32 1.23 ,0.32 0.24 ,0.2 
8 0.44, 0.39 1.01 ,0.27 0.21 ,0.25 
9 0.37, 0.29 0.43 ,0.32 0.11 ,0.13 
10 0.18, 0.46 0.29 ,0.24 0.07 ,0.17 
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Table 15. Variation in shape within species. 
Results from statistical contrats of the shape spanned by canonical vectors after the PLS. The 
general lineal model includes both first canonical vectors of shape as response variables and geographic 
region as the regressor. 
C. castanea n = 23, 5, 0, 33 P-value Effect size 
Equality of covariance Box's M=4.74, F=0.7, df=6/863.91 0.65 
Equality of error variances S1 -Levene's F=0.77, df=2/58 0.47 
S2 - Levene's F=2.56, df=2/58 0.09 
Joint cetroids (MANOVA) Pillai's trace=0.45, F=8.46, df=4/116 <0.001 0.23 
Centroids (ANOVA) S1 - F=19.34, df=2 <0.001 0.4 
S2- F=0.28, df=2 0.76 0.01 
Avs B (1) (1) 
MEANS (Bonferroni) (S1) 
Avs D (<0.001) (1) (S2) 
B VS 0 (<0.001) (1) 
C. brevicauda n = 12, 5, 51, 52 
Equality of covariance Box's M=15.74, F=1.58, df=9/1398.15 0.12 
Equality of error variances S1 -Levene's F=0.92, df=3/116 0.43 
S2- Levene's F=3.46, df=3/116 0.02 
Joint cetroids (MANOVA) Pillai's trace=0.45, F=11.37, df=6/232 <0.001 0.23 
Centroids (ANOVA) S1 - F=9.76, df=3 <0.001 0.2 
S2- F=12.9, df=3 <0.001 0.25 
Avs B (1) (0.38) 
Avs C (<0.001)(0.003) 
MEANS (Bonferroni) (S1) Avs D (0.32) (<0.001) 
(S2) Bvs C (0.18) (1) 
Bvs D (0.91) (0.39) 
Cvs D (0.001) (0.002) 
C. e.erse_icillata n = 11 0, 15, 58, 43 
Equality of covariance Box's M=21.45, F=2.32, df=9/20263.21 0.01 
Equality of error variances S1 - Levene's F=1.04, df=3/222 0.38 
S2 - Levene's F=2, df=3/222 0.11 
Joint cetroids (MANOVA) Pillai's trace=0.34, F=15.03, df=6/444 <0.001 0.17 
Centroids (ANOVA) S1 - F=27.87, df=3 <0.001 0.27 
S2 - F=4.18, df=3 0.007 0.05 
MEANS (Bonferroni) (S1) Avs B (1) (1) 
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(S2) AvsC (<0.001) (1) 
Avs D (<0.001) (0.007) 
B vs C (0.003) (1) 
B vs D (0.015) (0.46) 
C vs D (1) (0.014) 
S1=First axis of shape after PLS, S2=Second axis of sape after PLS, A=western lowlands, B=western 
highlands, C=eastern highlands, D=eastern lowlands, sample size follows the order of geographic regions. 
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95% confidence ellipses around group centroids are also depicted. A convex hull is drawn around samples 
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belonging to Caro/lia castanea. Euclidean distances between centroids are depicted in the boxes at both 
sides of the biplots. The smallest species, Castanea castanea remains the most distinct species in both 
environment and morphology. Environmentally, there is an area of high elevation (large values in 
topography) in which C. castanea is absent. A linear regression line is depicted along shape space, the tips 
of this line ("A" and "B") represent shape estimates depicted in Figure 28. The estimated trajectory of the 
linear regression along shape space is also depicted in the corresponding environmental space. 
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Figure 28. Shape estimates along the extremes of a linear regression in the shape space of 
Figure 27. 
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The transformation in shape configuration occurs mostly near the occipital and squamosal regions. 
The bars for each environmental variable represent their relative magnitudes at the particular position of the 
estimated geometric configuration. Bars to the right have positive values, negative to the left. 
The effect size (partial rl} of the MAN OVA just described -comparing shape variation 
among geographic regions within species- is for most cases small (sensu Cohen, 1988). Low 
values of effect size imply weak differences for distances among centroids, as these are related 
to the standard error (Table 15). Yet, the effect size for simple contrasts (Bonferroni t-tests) on 51 
are greatest in C. castanea, and greatest between western and eastern habitats overall. This 
trend is not entirely clear along 52. Opposite to linear models, effect sizes of simple contrasts 
suggest strong effects along individual shape factors. However, differences in shape estimates 
(i.e. the thin-plate spline shape configurations) at the means with the largest effect sizes, which in 
this case are for the ANOVA along 51 for C. castanea (partial f72=0.4), specifically between 
western and eastern lowlands (Cohen's d=1,52) (Table 15), are small to the eye (Figure 32). 
Differences between both estimated shape configurations (i.e. western versus eastern lowlands 
in C. castanea) are subtle at best. Only when these estimates are magnified threefold do the 
differences become evident, especially at the squamosal and occipital regions (Figure 32). The 
sole purpose for the magnification of the regression equation (multiplying by 3 the terms at both 
side of the equation) is to make small morphological changes noticeable to the eye. However, 
what is relevant to the biology of organisms must not necessarily be also relevant to our 
perceptual limitations. This is also true for Cohen's effect size index, which for us is useful in the 
comparative context, but not as a definite measure for establishing evolutionarily meaningful 
morphological or ecological boundaries among species. The observed pattern of geographic 
change in the shape of the skull for C. castanea resembles that estimated in the space for all 
species (Figure 32 vs. Figure 28) and was previously discussed within the context of overall 
variation among species. 
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Figure 29. Results from PL8 analyses for variation within Carollia castanea. 
222 
Percent of covariance explained by each pair of vectors is included in the upper left corner 95% 
confidence ellipses around group centroids are also depicted. A convex hull is drawn around samples from 
western lowlands. 
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Figure 30. Results from PLS analyses for variation within Carollia brevicauda. 
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Percent of covariance explained by each pair of vectors is included in the upper left corner. 95% 
confidence ellipses around group centroids are also depicted. A convex hull is drawn around samples from 
western lowlands. 
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Figure 31. Results from PLS analyses for variation within Carollia perspicillata. 
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Percent of covariance explained by each pair of vectors is included in the upper left corner. 95% 
confidence ellipses around group centroids are also depicted. A convex hull is drawn around samples from 
western lowlands. 
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Figure 32. Shape estimates for centroids at western and eastern lowlands in Carollia 
castanea. 
The differences between shape estimates are not detectable without increasing the tendency in 
change threefold (X3). Changes concentrate at the occipital and squamosal regions. 
Effect size may be understood as a measure of distance among morphological means. 
When controlled for environmental differences, the larger values for the smallest species (C. 
castanea) conform to the hypothesis of larger differences as a result of a relatively higher degree 
of phylogenetic distance. Finally, the Euclidean distance between shape centroids for both 
western and eastern lowlands was the largest in C. castanea (jx-yj=0.27) (Figure 29), in 
comparison to C. brevicauda (jx-yj=0.01) (Figure 30) and C. perspicillata (jx-yj=0.008) (Figure 
31). This comparative pattern of distances within species conforms to the patterns among 
species. 
4.3.4. Conclusions 
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Environmental analysis.- Lower temperature and higher altitude appear to limit the 
distribution of C. castanea. This is also true for environments with variability in temperature and 
precipitation. However, this pattern is observable at the eastern but not the western side of the 
Andes. Although I found a linear correlation between body mass and altitudinal elevation, there 
was a large overlap in altitudinal distribution between C. brevicauda and C. perspicillata. Despite 
that the largest species, C. perspicillata, occurred at the highest elevation, the medium-sized 
species, C. brevicauda, was collected more frequently at high rather than low elevations (Figure 
26 i.e. a highest mean for elevation in C. brevicauda). 
Although there is a considerable level of environmental overlap between Carollia 
brevicauda and C. perspicillata, there is also statistical evidence suggesting that their 
environmental spaces may differ. For both species, the distance between multivariate centroids in 
environmental space appears to be statistically distinct from zero. Environmental differences are 
mostly due to the larger number of samples for C. perspicillata towards the lower corner of 
quadrant IV in Figure 23, representing the large level of environmental variation, or seasonality, in 
the western lowlands of Coastal Ecuador. 
These are, of course, fuzzy geographic boundaries; there is nothing preventing any of the 
three species from reaching areas at higher or lower altitude. Nonetheless, a few or a single 
individual out of its usual range is not necessarily proof that a range shift has occurred (e.g. 
Jarrin-V., 2003). Besides, the discussion of one or a few individuals found at the fringes of their 
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source distribution is not what interests us in this study. Important in this study are the distribution 
of frequencies of the skull and body characters and the relative magnitude of the observed 
differences between environments and species. The environmental distribution, as any other 
evolutionary character state, must have a central tendency and a range of data dispersion. These 
character states will not be seriously affected by small variations at both extremes of its tails. As 
shown by low P-values in Euclidean distances for contrasts among means, the three species 
differ in environment as well as in morphology. However, the smallest species, C. castanea, 
remains the most distinct in all aspects of size, shape and environment. 
Sampling bias remains as an alternative explanation to the patterns discussed in this 
study. However, the area responsible for the environmental dissimilarity in C. castanea is perhaps 
one of the most thoroughly sampled. Additional sampling efforts may be necessary in order to 
find corresponding patterns on the western slopes. If possible, this effort should be expanded to 
the entire distributional range of the genus. Nevertheless, the combination of environmental 
factors suggests that the boundaries established for C. castanea may be unique to the eastern 
side of the Andes. Access to additional museum collections and geographical areas will enrich 
and deepen the current perspectives on environmental differences for Carollia, perhaps the most 
common and widespread genus of bat (Fleming, 1988). Thus, not just hundreds, but thousands of 
specimens or observations are necessary to obtain unbiased perspectives on this and similar 
issues relative to species boundaries. 
Environment-shape relationship.- Effect size (Figure 27) and correlations (Table 14) 
show that the relationship between shape and environment seems to be strong. The three 
species show similar trends of morphological change in the geometric configuration of the skull 
along the same gradients of environmental variation. It remains unknown if the observed variation 
in the shape of the skull -an overall contraction of the area of the squamosal and occipital regions 
towards western habitats- is a relevant adaptive change (Figs. 28 and 32). I Is the distinct shape 
of the skull, for populations at the east of the Andes, constrained by a distinct feeding discipline? 
Are there additional factors, such as genetic drift, involved in the observed variation in the shape 
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of the skull? Further experimental or observational efforts, related to the mechanics of the feeding 
behavior and feeding apparatus of bats, will be necessary to answer these questions (e.g., Strait, 
1993; Dumont, 1999; Dumont et al., 2005). 
The strongest correlations of environment and shape were found for the smallest species 
Carollia castanea (Table 14). This is also reflected in larger effect size for C. castanea (i.e. larger 
distances between centroids, relative to error variance) in statistical contrast tests as well as in 
the Euclidean distance between the centroids of western and eastern regions. This particular 
result conforms to that of Hoffman and Baker (2003) in a comparison of genetic distances among 
various species in Carollia. These authors found that the largest intraspecific genetic divergence 
was for C. castanea, especially between western and eastern Ecuador, suggesting additional 
"biological species" (sensu Hoffman and Baker, 2003) within this taxa. 
In accordance with not only this but also other studies (Fleming, 1991; Jarrln-V. et al., 
201 0), Carollia castanea remains as the most distinct species of its genus, in both environment 
and morphology. This is possibly a pattern in full resonance with the larger genetic distances that 
this species maintains compared to the C. brevicauda-perspicillata sister group, as suggested by 
previous phylogenetic hypotheses (Hoffman and Baker, 2003). Of interest is the possibility of a 
stronger effect of genetic isolation due to the barrier formed by the Andes. Isolation, as a result of 
this mountainous barrier, will affect more markedly the smallest and more geographically 
restricted species C. castanea. On the contrary, C. brevicauda and C. perspicillata, having wider 
geographic ranges at higher altitudes, will be less affected. 
Both morphological and environmental contrasts, between western and eastern 
environments, are strongest for C. castanea and weakest for C. perspicil/ata (Figure 29 and 
Figure 31, Table 15). C. perspicillata, the largest species, occurs at higher elevations, whereas C. 
castanea, the smallest species, is restricted to lowlands. Hence, it is possible to hypothesize that 
there will be more gene flow for larger species at higher altitudes, since they will have a better 
chance to successfully move across the Andes than do smaller and more geographically-
restricted species. I must stress that this is a hypothesis for which there is still no evidence or 
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formal falsification attempt. Fundamental to test this hypothesis is the information which can be 
found in the medium-sized species, C. brevicauda. If body size is dependent on an altitudinal 
gradient, which mediates levels of genetic isolation among species; then, C. brevicauda must 
have levels of gene flow distributed in an intermediate statistical region between the largest 
species C. perspicillata, and the smallest species C. castanea. Overall, across the Andes we 
must expect C. brevicauda to have intermediate levels of altitudinal distribution, genetic isolation, 
and size and shape variation. The present study provides evidence on this last morphological 
factor, where C. brevicauda shows neither extreme nor small levels of variation across the Andes. 
This pattern is, however, not entirely clear for all statistical contrasts or indexes. 
Lim and Engstrom (1998), who based their remarks in the studies of Pine (1972), Hall 
(1981) and Koopman (1982), implicitly suggested that restricted distribution and decreasing 
abundance are a function of body size in Carollia. Giannini (1999) found equivocal, or 
inconclusive, patterns of body size vs. altitudinal distribution. I believe future studies using 
multivariate correlations, combining information from genetic, environmental and morphological 
variation will provide further insights into this matter. 
Important to consider is the possible relationship between body size of the three Carollia 
species and elevation; especially, if body size is considered as a universal factor playing a central 
role in animal ecology (Peters, 1983; Calder, 1984; Schmidt-Nielsen, 1984) and evolution (Peters, 
1983, pp. 192-196). Body size or mass affects metabolism and other physiological, reproductive 
and behavioral aspects of animals; even evidence for accelerated rates of molecular evolution 
exists (Martin and Palumbi, 1993; Nunn and Stanley, 1998). Therefore, body size may restrict the 
gamut of ecological elements that species can benefit from. For example, small-bodied mammals 
and birds are usually affected by higher energetic constraints in comparison to those species with 
larger mass; consequently, small species may show marked restrictions in home range (Harestad 
and Bunnell, 1979) and geographic distribution (Root, 1988a, b; Barclay, 1991 ). This may explain 
the restricted distribution of C. castanea in relation to the sister pair C. brevicauda-perspicillata 
and the observed tendency of C. perspicillata to occur in environments with larger variation in 
temperature and precipitation (i.e. quadrant II of Figure 23). 
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In contrast to this study, there was no relationship between body mass and geographic 
distribution in a genus-level analysis by Arita (1993) for 150 species of Neotropical bats. As 
suggested by Arita (1993), the lack of patterns may be a result of the relatively coarse resolution 
of his analysis and other statistical issues inherent to the available data. Instead, I suggest clearer 
patterns may be detectable within particular groups of bats at particular geographic regions. 
A wide range of alternative aspects must be considered when analyzing the restriction of 
habitat distribution (e. g. Anderson and Koopman, 1981). In this sense, both abiotic (e. g. 
temperature) and biotic (competition or food availability) factors may be playing decisive effects in 
a complex interaction model (Canterbury, 2002). Therefore, and without intention to downside the 
present evidence, I acknowledge the limitations of this study and agree that further analyses 
framed in an integrative perspective (Hall, et al., 1992) must be necessary in order to obtain 
sharper insights into the processes differentiating the species in Carollia; especially given the 
comparatively extensive body of knowledge available for this common and widespread genus of 
bat (e. g. Mclellan, 1984; Flemming, 1988; Wright et al., 1999; Hoffmann and Baker, 2003; 
Jarrin-V. et al., 2008). Of great interest will be the exploration of the current evidence in the 
context of the quantitative theory of size, such as the many forms of the allometric relationships 
framed under the "equation of simple allometry" (Gould, 1966). This envisioned theoretical and 
mathematical model may be enriched by additional information from phylogenetic relationships 
and genetic distances, not only allowing accurate species delimitation but also a coherent 
perspective of evolutionary relationships. 
In conclusion, species in Carollia seem to be not only different in terms of micro-
ecological subdivisions in the partition of resources (Fleming, 1991 ), but also in terms of macro-
ecological restrictions as measured by environmental gradients. Most importantly, I have shown 
how the three species in Carollia vary along an ecomorphological space; in what seems to be a 
consistent pattern of geographic differentiation mediated by environmental gradients, geographic 
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barriers and body size. This study provides initial perspectives on a possible relationship between 
genetic isolation and the role that body size has for the distribution of species along gradients 
towards more extreme and demanding environments. C. castanea, the smallest species, occurs 
at the lowest altitudes and has the most distinct skull shape at both sides of the Andean barrier. 
On the contrary, C. perspicillata, the largest species, occurs at the highest altitudes and in more 
variable environments. Comparatively, C. perspicillata does not exhibit distinct skull shapes 
between western and eastern populations and maintains relatively small genetic distances 
(Hoffman and Baker, 2003). Because of the higher altitudes it seems to reach, C. perspicillata 
may also have a higher probability of overcoming the Andean barrier, in turn exhibiting 
comparatively increased levels of gene flow across interandean valleys. 
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Chapter 5. Sturnira 
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5.1. Sturnira per/a, an example of a modern quantitative "formal description" 
and an introduction to the study of variation in Sturnira49 
The description for Sturnira per/a (Jarrin and Kunz, 2011) was an opportunity to contrast 
the established views of some systematists in mammalogy with the perspectives provided by 
quantitative and statistical approximations to the problem of species delimitation (see pp. 61-
61 )50. Here, I summarize the major findings related to the diagnosis of Sturnira per/a. Not only 
does this entity enjoy molecular and phylogenetic evidence for its status as an independent 
evolutionary lineage. Its "formal description" is also one of the few available examples for a 
probabilistic approach to testing the species hypothesis. It also serves as a subtle denunciation of 
many popular diagnostic characters and qualitative accounts, commonly used by numerous 
mammalogists, to decide what does and what does not belong to a particular species. The 
problem with the usual kind of description is that it often defines species, but do not appropriately 
diagnose them (pp. 29, 34). As with any ideal description of a new species, I explore differences 
in morphological distances that would suggest the presence of an independent evolutionary 
lineage, with the added benefit of both molecular and morphological evidence on its 
independence and individuality as a lineage. 
This study was constructed on quantitative and statistical grounds. It intentionally 
departed from the form used by other descriptions that invest heavily on qualitative, and therefore 
inherently subjective criteria (sensu Jarrin-V. and Kunz, 2008) and appreciations of variation. 
Instead, I used mathematics and probability statements of uncertainty. The description of 
complex morphological variation cannot be made with words, it requires quantitative 
perspectives. The use of qualitative descriptions is often based on arbitrary and subjective 
49 This chapter is based on a published version by Jarrin and Kunz (2011) 
50 The comments of these referees do not belong to the published version of this chapter -there 
were other comments for this chapter, equally misguided and equally biased-, but are also valid in this case 
since they reflect the general reaction of peers to the subjects I discuss here and elsewhere. 
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decisions that often contradict each other (Gift and Stevens, 1997). Since quantitatively coded 
variation is often expressed by explicit statistical methods (Poe and Wiens, 2000), its 
interpretation may be less affected by the vagueness of language that besets the qualitative 
description of variation (Tye, 1994; Jarrin-V. et al., 2010). Systematics and taxonomy must be 
disciplines solidly founded within the full framework of science. Moreover, since science is not 
based on arguments from authority, subjective appreciations of color and shape in a description 
do not provide evidence. On the contrary, to measure and quantify variation within the context of 
hypothesis testing (i.e. statistics) is to provide relevant evidence within the framework of modern 
scientific thought and falsificationism (Popper, 1934). In this sense, I argue that verbally 
describing character states, in characters such as facial structure (i.e. vibrissae, noseleaf, warts, 
etc.), length of hair, number of bands on dorsal and ventral hairs, etc., does not help to 
understand variation and boundaries among species (sensu Jarrin-V. and Kunz, 2008). Many of 
these characters can and must be interpreted quantitatively and under the rubric of statistical 
inference (sensu Thiele, 1993). Very few will dissent with one of the fathers of the modern 
synthesis who suggested that: "All organisms and organic phenomena are composed of unique 
features and can be described collectively only in statistical terms" (Mayr, 1959, p. 2). Thus, the 
philosophical approach of my study departs from the verbal description of characters states, the 
qualitative nature of which makes them dubious representations of the real differences among 
species. 
5.1.1. Methods for diagnosing a species and why the description of qualitative characters 
is inappropriate 
Rigorous measurements of character states, geometric morphometries, ordination 
methods, phylogenetics and probabilistic accounts of uncertainty were used to assess the 
morphological boundaries of Sturnira per/a and related species. A total of 279 individuals were 
used for analysis (see Appendix 1 in Jarrin-V. and Kunz, 201 0). This is the largest sample size for 
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describing a species in the genus, and the largest also for many other examples of species 
descriptions in mammalogy. Further details about measured characters and abbreviations for 
characters are found in Jarrin-V. and Kunz (201 0). The species membership of each of these 
individuals was determined a priori by the criteria for classification found in the dichotomous key 
from Gardner (2008). However, it is important to note that most criteria in this kind of dichotomous 
key are based mostly on an historical process by which assumed diagnostic characters are often 
transferred from author to author, and where their reliability for classification is often unknown 
(Jarrln-V. and Kunz, 2008). Thus, this description focused mostly on the distance and boundaries 
of the sample representing the new species, relative to the rest of the samples. In this sense, the 
putative membership of samples in Sturnira /ilium, S. Iuisi and S. tildae was of secondary 
importance to the goal of presenting evidence for the existence of a distinct lineage and 
describing its morphological variation and boundaries. 
Additionally to the hypotheses provided by ludica (2000), partial sequences of the 
mitochondrial CytB gene were used to estimate the phylogenetic relationships and genetic 
distances among species in Sturnira. The set of sequences for the analyses belong to the 
database of multiple sequence alignments (PopSet), and was submitted by Carlos ludica (CAl) 
and collaborators to GenBank. The set used, with Genelnfo number (GI) 33314759, was reduced 
to match the same samples that were originally used by ludica (2000), with exception of Sturnira 
nana CAI240, which was replaced in this case for the available S. nana CAI243. Also, the original 
sequences reported for both S. sp. A (CAI180) (now S. koopmanhi/11) and S. sp. B (CAI226) were 
obtained directly from ludica (2000) and included in the main sequence matrix. The sequences 
from PopSet Gl 33314759 were available as an aligned matrix; this facilitated the manual 
alignment of both CAI180 and CAI226. 
The final matrix included the following individuals: Vampyressa brocki (CAI147), 
Uroderma bilobatum (CAI146) and Carollia perspicillata (CAI156) as the outgroup. In the ingroup: 
S. nana Peru (CAI243), S. bidens Peru (CAI208), S. thomasi Guadeloupe (CAI229), S. 
aratathomasiColombia (CAI231), S. mordax Costa Rica (CAI211), S.ludoviciCosta Rica 
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(CAI36), S. tildae Ecuador (CAI250), S. /ilium Paraguay (CAI84), S. /ilium Peru (CAI1), S. /ilium 
Suriname (CAI12) S. /ilium Panama (CAI121), S. Iuisi Panama (CAI246) S. /ilium serotinus 
(CAI5), S. /ilium Mexico (CAI35), S. /ilium Guyana (CAI104), S. ludovici Ecuador (CAI177), S. 
oporaphilum Peru (CAI2), S. hondurensis Honduras (CAI219), S. ludovici Guatemala (CAI214), 
S. ludovici Costa Rica (CAI36), S. erythromos Peru (CAI66), S. bogotensis Peru (CAI64), S. 
koopmanhilli (CAI180) and Stumira sp. B (CAI226). 
The appropriate model of nucleotide substitution, as estimated through jModeiTest v. 
0.1.1 (Guindon and Gascuel, 2003; Posada, 2008), and selected by the Akaike Information 
Criterion (AIC), was the GTR+I+r. However, genetic distances among species were also 
calculated according to the Kimura 2-parameter model (K80) (Kimura, 1980) with no gamma 
parameter "for purposes of continuity and comparison across several taxonomic ranks" (Bradley 
and Baker, 2001 ). K80 distances were estimated with Phylip v.3.6 (Felsenstein, 2005). 
Additionally, the matrices of patristic distances were considered from the phylogenies as 
estimated by Patristic v.1.0 (Fourment and Gibbs, 2006). These distances were interpreted 
through observations of their individual magnitude and overall pattern. 
Two phylogenetic hypotheses were estimated by Bayesian inference (BI) using MrBayes 
v. 3.1.2 (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003). The first 
hypothesis was estimated on a JC69 (Jukes and Cantor, 1969) model. The second used a GTR 
model with a proportion of invariable sites combined with gamma-distributed rate variation across 
sites (GTR+I+r). Although the general structure of the model was constrained in both Bayesian 
analyses, I assumed no prior knowledge about the probability density functions on the 
parameters of each model (e.g. substitution rates and nucleotide frequencies) and left these as 
the default priors in MrBayes (e.g. the probability density as a flat Dirichlet and the gamma 
parameter as a uniform distribution). This allows the MCMC to generate posterior probabilities for 
estimating these parameters, assuming no prior knowledge. Both analyses partitioned codon 
positions, unlinked estimation of parameters across partitions, and allowed variable rates across 
partitions (with flat Dirichlet priors). Both analyses (JC69 or GTR+I+r) included 21 million 
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generations, two independent runs, and four chains per run. Chain heating was kept as the 
default value. Hypotheses were sampled each 1 00 generations and the first 35% of these 
samples were discarded according to the behavior of the average standard deviation of split 
frequencies; which at 35% of the total generations reached a value of 0.003 for the first 
hypothesis and 0.009 for the second and tended to stabilize around those values. The remaining 
65% of the trees and parameters in each analysis (either with JC69 or GTR+I+r) were 
respectively summarized in 50% majority rule consensus trees. Both hypotheses were compared 
in terms of their general topology. The parameters for the nucleotide substitution models 
estimated in both analyses (either with JC69 or GTR+I+r) had values of Potential Scale 
Reduction Factor (PSRF) that approached 1.00 after reaching 21 million generations. 
5.1.2. Multivariate space, "unexpected overlap" and boundaries of an unknown entity 
Discovering the falsehood of an idea never ceases to surprise. Despite being accepted 
by many, ideas often result to be an illusion of the mind, a misinterpretation of reality, a poor 
approximation to the real patterns of nature, or a misguided tradition. All that is needed is a robust 
approach to measurement to find out how many purportedly sharp morphological boundaries for 
species are at best supported by weak and overestimated evidence. What is surprising, 
nevertheless, is that there are yet undiscovered populations with truly distinct morphologies, 
remaining undetected mostly because of their overall rarity. The quantitative diagnosis of Sturnira 
per/a by measurement, probability and uncertainty, does not required old fashioned descriptions 
of purportedly discrete qualitative states; mostly because there is no evidence at all that things 
such as the qualitative description of the hairiness of body parts may be evidence for valid 
morphological boundaries among species. 
From the distribution of traits that reflect body size, there is no possible mechanism that 
will allow the distinction of morphological boundaries for the widely accepted species known as 
Sturnira /ilium, S. Iuisi, and S. tildae (Figure 33). This suggests a single statistically normal 
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population; or otherwise, largely overlapping size variation among populations or species. In a 
similar sense, there are no discernable or separate groups in a plot with the first two principal 
components (PCs), except for a noticeable boundary with consistently low values for PC II 
(Figure 34a, b). High values in PC II represent mostly high values in M3W (the width of the third 
upper molar), as is evident in loading indexes. It is important to highlight that along PC I and PC 
Ill there is total overlap for S. per/a in relation to its congeners. Thus, the differentiation based on 
this particular approach is one-dimensional. The rest of components above the unity eigenvalue 
completely overlap and are of minor comparative interest. 
a Std. Dev. = 1.7 Mean= 43 
N = 279 
Length of the forearm (FA) 
Std. Dev. = 7.4 
Mean= 23.23 
N=279 
Greatest length of the skull (GLS) 
Figure 33. Frequency distribution for the characters FA and GLS. 
The delimitation of distinct groups is not possible in the distributions of these characters. 
Species included in both histograms are Sturnira. per/a, S. Iuisi, S. /ilium and S. tildae. 
On the whole, the MAN OVA points towards PC II as the factor responsible for the largest 
differences among species, with about half of the observed effect provided by this factor (J\2 = 
0.55). No other factor shows a large effect in the MANOVA model (Table 16). Sexual differences 
are constant throughout, but with small effect size (i.e. interaction term with P = 0.92 and J\2 < 
0.02). Based on the MANOVA, both ACM and PC II are responsible for the differences between 
Sturnira per/a and the other of species. In contrast to all other species, differences are also found 
for S. tildae along PC I; however, the differences along PC I are of minor impact relative to those 
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attributable to PC II (A2 = 0.17 vs. A2 = 0.55 respectively) (Table 16). Overall, the MANOVA shows 
equal error variances for all response variables, except for PC I. The model does not comply with 
the requisite for equality of covariance among groups. Despite this lack of prerequisites, I 
consider that the overall results of the model are consistent with the observed differences in 
morphospace, and that the relative magnitude of probability and effect size are valuable for 
understanding the nature of morphological boundaries between S. per/a and its sympatric 
congeners. 
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Figure 34. Aspects of the morphometric space spanned by PC I - PC Ill. 
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The percentage of variation explained by each PC is in parenthesis adjacent to each axis. The 
space spanned by the axes has been rescaled according to their corresponding eigenvalue. Despite the 
large overlap along PC I, it is possible to differentiate Stumira perla as a distinct non-overlapping group, 
which is highlighted by an oval (a). Stumira perla also appears as a remarkably distinctive group, visible on 
the extreme left of PC II vs. PC Ill (b). 
Boundaries are also present in the space spanned by the first two components of shape 
(i.e. RW I and RW II), a demarcation that is also one-dimensional along RW I (Figure 35). 
Estimates of geometric deformation along the space depicted in Figure 35 conform to the overall 
pattern of variation that suggests Stu mira perla has clearly distinct shape. Along this space, skulls 
in the region delineated as S. per/a tend to experience an expansion of the braincase, a 
shortening of the zygomatic region, and a widening of the rostrum, giving other species a 
comparatively more slender appearance. The clearest separation is, nevertheless, obtained in the 
space spanned by RW I and ACM, with a bidimensional demarcation along both characters. The 
lower corner of quadrant Ill in this plot is for skulls showing a combination of wide angles for ACM 
and the characteristic round skull as previously noted (Figure 36). Accordingly, contrast tests on 
the position of centroids for the space in Figure 35 and Figure 36 clearly indicate that it is for S. 
perla only where observed differences are hardly due to chance. It is worth noting here that each 
model is robust (i.e. equal covariance matrices and error variance) and there are no differences in 
shape variation between males and females for a given species (Table 17). 
In conclusion, the only real morphological boundaries provided by this particular 
perspective of morphospace are provided by the previously unknown Sturnira per/a, with the 
other three species belonging to a highly clumped, and highly overlapped range of variation. In 
this sense, S. per/a, for which there is both evidence of lineage independence and morphological 
individuation (Figure 37), seems to be a real and objective ontological individual that acts in 
nature as an evolving lineage of organisms. 
The morphological overlap for the former three groups may be regarded as a cautionary 
remark, suggesting the need to assess the presence and distribution of these three species with 
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a healthy dose of skepticism (c.f. Jarrin-V. and Kunz, 2008). In this sense, some may argue that 
there is evidence suggesting that pelage coloration, shape of chin warts, hair density of the 
uropatagium, or particular dental cusps are valid boundaries for diagnosing or delimiting these 
species. Yet, I have not found consistency among these character states (sensu Thiele, 1993), at 
least not from a qualitative point of view, and much less from a quantitative and statistical 
perspective. Independently of the question regarding the existence or not of S. /ilium, S. Iuisi and 
S. tildae as species, I suggest that their morphological boundaries should be appropriately 
interpreted and measured, and not only mentioned verbally as personals judgments of variation. 
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The percent variation explained by each PC is noted in parenthesis and adjacent to each axis. The 
space spanned by the axes has been rescaled according to their corresponding eigenvalue. A distinctive, 
non-overlapping group is visible at the extreme left of the morphometric space. Estimated shape 
configurations are depicted for the skull of single specimens of Stumria perla (A) and S. filum (B). Arrows in 
these configurations show how the morphometric space around S. perla is for skulls with expanded 
braincases, wide and blunt rostrums and contracted shape around the zygomatic area (A). An opposite 
pattern of shape variation is shown for the area around the selected sample that represents S. /ilium (B). 
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Figure 36. Morphometric space spanned by RW I and ACM. 
This space provides the sharpest distinction of Stumira perla; especially relative to the other three 
putative species, which are highly overlapping. 
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Figure 37. Sturnira per/a as an independent evolutionary lineage and as a highly distinctive 
shape in morphometric space. 
The topology and branch lengths of the depicted tree are based on the previously proposed 
phylogenetic hypothesis by ludica (2000). 
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Table 16. Results of a MANOVA for linear characters among species and sex 
P-
value Effect size (A2) 
Equality of covariance Box's M= 208.11, F= 1.26, d.f. = 126/3067.66 0.03 
ACM- Levene's F = 2.26, d.f. = 7/198 0.03 
PC I- Levene's F = 2.53, d. f. = 7/198 0.02 
PC II- Levene's F = 1.72, d.f. = 7/198 0.11 
Equality of error variances 
PC Ill- Levene's F = 0.48, d.f. = 7/198 0.85 
PC IV- Levene's F = 0.84, d. f.= 7/198 0.55 
PC V- Levene's F = 1.15, d.f. = 7/198 0.33 
------------------------------------s-peCies-~ "Pr ;-o~96.-F-;-15.3a: CiL ;·1at5as·--- <c>:oo1------- ·aji-------
Sex- PT= 0.16, F = 6.19, d. f.= 6/193 <0.001 0.16 
Joint cetroids (MANOVA) 
Species X Sex- PT = 0.52, F = 0.58, d. f. = 
18/585 0.92 0.02 
ACM on Species- F = 14.93 <0.001 0.21 
PC I on Species- F = 15.06 <0.001 0.17 
PC II on Species- F = 73.34 <0.001 0.55 
PC Ill on Species- F = 0.41 0.81 0.01 
PC IV on Species- F = 11.2 <0.001 0.15 
Centroids (ANOVA) PC V on Species- F = 8.05 <0.001 0.11 
ACM on Sex- F = 2.58 0.11 0.01 
PC I on Sex - F = 9. 7 <0.01 0.05 
PC II on Sex- F = 3.86 0.18 0.01 
PC Ill on Sex- F = 2.92 0.07 0.02 
PC IV on Sex- F = 0.33 0.47 <0.01 
PC V on Sex- F = 6.25 <0.01 0.03 
Marginal means (Bonferroni) S. perla vs S. /ilium <0.001 
for ACM S. perla vs. S. Iuisi <0.001 
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S. per/a vs. S. tildae <0.001 
S. per/a vs S. lilium <0.001 
Marginal means (Bonferroni) 
S. per/a vs. S. Iuisi <0.001 
for PC II 
S. per/a vs. S. tildae <0.001 
S. tildae vs. S. per/a <0.001 
Marginal means (Bonferroni) 
S. tildae vs. S. /ilium <0.001 
for PC I 
S. tildae vs. S. Iuisi <0.01 
The MANOVA includes ACM and PC 1- PC Vas response variables. The results of the Bonferroni 
tests between marginal means for the factor species are shown only for those with P < 0.05 along ACM, PC I 
and PC II. PTstands for Pillai's trace statistic. Differences are concentrated around Stumira per/a along PC II 
and ACM, and around S. tildae along PC I. Sample size is Stumira /ilium = 103, S. Iuisi = 76, S. per/a = 12 
and S. tildae = 15. 
Table 17. Results of a MANOVA for the first two relative warps (RW 1-RW II) and a MANOVA 
for ACM and RW I among species and sex 
MANOVA FOR RW I AND RW II 
Equality of 
covariance 
Equality of error 
variances 
Joint cetroids 
(MAN OVA) 
Box's M = 27.26, F = 1.17, d. f. 
= 21/2551.49 
RW I - Levene's F = 2.1, d. f. = 
7/208 
RW II - Levene's F = 1.67, d.f. 
= 7/208 
Species - PT = 0.43, F = 
18.91, d.f. = 6/416 
Sex- PT = 0.02, F = 1.53, d.f. 
= 2/207 
Species X Sex - PT = 0.04, F 
= 1.22, d.f.= 6/416 
P-value Effect size (,f) 
0.27 
0.05 
0.12 
<0.001 0.21 
0.22 0.02 
0.29 0.02 
· ---- ----- ----------- ---R.W -~-or1 species:: F= -;,; -1-4 ~93- -------<o. oo 1- ----------- -·a ."37" --- ---- -
Centroids (ANOVA) 
Marginal means 
(Bonferroni) for RW I 
Marginal means 
(Bonferroni) for RW II 
RW II on Species- F = 15.06 
RW I on Sex - F = 2.58 
RW II on Sex- F = 9.7 
S. perla vs S. /ilium 
S. perla vs. S. Iuisi 
S. perla vs. S. tildae 
S. perla vs S. /ilium 
S. perla vs. S. Iuisi 
S. perla vs. S. tildae 
MANOVA FOR RW I AND ACM 
Equality of Box's M = 31.72, F = 1.36, 
covariance d.f. = 21/2568.61 
RW I - Levene's F = 2.09, 
Equality of error d.f. = 7/199 
variances ACM - Levene's F = 2.03, 
d.f. = 7/199 
Species - PT = 0.42, F = 
17.71, d.f. = 6/398 
Joint cetroids Sex- PT = 0.01, F = 0.94, 
(MAN OVA) d.f. = 2/198 
Species X Sex - PT = 0.03, 
F = 1.09, d.f. = 6/398 
RW I on Species - F = 39.61 
ACM on Species- F = 16.28 
Centroids (ANOVA) 
RW I on Sex- F = 0.64 
ACM on Sex- F = 1.71 
0.003 0.06 
0.41 <0.01 
<0.11 0.01 
<0.001 
<0.001 
<0.001 
0.08 
P-value 
0.13 
0.05 
0.05 
<0.001 0.21 
0.39 0.01 
0.37 0.02 
<0.001 0.37 
<0.001 0.2 
0.43 <0.01 
<0.19 <0.01 
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S. per/a vs S. /ilium <0.001 
Marginal means 
S. per/a vs. S. Iuisi <0.001 
(Bonferroni) for RW I 
S. per/a vs. S. tildae <0.001 
S. per/a vs S. /ilium <0.001 
Marginal means 
S. per/a vs. S. Iuisi <0.001 
(Bonferroni) for ACM 
S. per/a vs. S. tildae <0.001 
The results of the Bonferroni tests between marginal means for the factor species are shown only 
for those with P < 0.05 along ACM, RW I and RW II. PT stands for Pillai's trace statistic. The sole 
responsible for the observed differences is Stumira per/a on the three response variables. Sample size is 
Stumira /ilium = 103, S. Iuisi = 76, S. per/a = 12 and S. tildae = 16. 
5.1.3. Genetic distances and phylogenetic relationships 
The matrix of distances according to the K80 model is depicted in Figure 38, where the 
interpretation of the overall pattern is facilitated by shade-coded cells (a color version of this 
matrix is found in Jarrfn-V. and Kunz [2011 )). The general pattern is for uniformity in distances 
among all the ingroup species (x=8.0%, sd=0.04, n=648), except for relatively low distances 
(0.05%- 2.5%) among the group of Sturnira /ilium and S. Iuisi (CAI246, 229, 146, 121, 104, 12, 5, 
1) and between the Central AmericanS. hondurensis (CAI219) and S. /udovici (CAI214). A 
remarkably large average distance is maintained by S. bidens from Peru (CAI208) (x=11 %, 
sd=0.03, n=27). Within the ingroup, S. per/a has an average genetic distance of 7.1% (sd=0.03, 
n=27) relative to all other congeneric species (Figure 39); hence, it remains clearly distinct from 
the lowland group of S. /ilium and S. Iuisi. An alternative perspective is provided by a scatterplot 
and regression estimate of the patristic distances estimated in the phylogenetic hypotheses 
(Figure 40). Both hypotheses show very similar estimates for these distances (R2=0.99, p<0.001), 
where the individual comparisons of S. per/a against all other congeneric species show a 
relatively uniform scatter and overlap along the linear estimate of the relationship. 
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The two phylogenetic hypotheses depicted in Figure 41 share a number of common 
characteristics, but also diverge in the position of Sturnira aratathomasi (CAl 231 ), and in the 
resolution of the terminal clade in which S. per/a is found. Comparatively, the tree estimated with 
JC69 (Figure 41a) shows better resolution in its topology and stronger Bayesian support than the 
one estimated with GTR+I+r (Figure 41b). S. per/a seems to share common ancestry with the 
group of highland species, including S. tildae from Ecuador (CAI250). The other lowland species 
(e.g. S. li/um and S. Iuisi) are related to S. per/a through deeper nodes in both trees. A detailed 
assessment of these hypotheses is beyond the scope of this chapter. For now, it may be safe to 
note that S. per/a maintains relatively large genetic distances to other species and its 
phylogenetic relationships seem to have more affinities to highland species (e.g. S. ludovici and 
S. erythromos) rather than to lowland taxa (e.g. S. Iuisi and S. /ilium). 
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Figure 38.-KSO distances among species. 
CAI12 CAI121 CA1246 CAIS CABS CAI104 CAI177 CAI2 CAI219 CAI214 CAI36 CAI66 CAI64 CAI180 CA1226 
The relative magnitude of distances is shade-coded along a continuous gamut. Gray represents small distances and black large distances. The 
outgroup (Vampyressa brocki, Uroderma bi/obatum and Carollia perspicillata) maintains the largest distances relative to the ingroup (Stumira spp.). The 
smallest distances occur within the group of Stumira /ilium and S. Iuisi (CAI246, 229, 146, 121, 104, 12, 5, 1). The largest distances within the ingroup 
correspond to S. bidens from Peru (CAI208). S. perfa maintains average distances to the rest of congeneric species. 
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Figure 39.- Mean K80 distances among species in Stumira. 
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The largest difference belongs to S. bidens from Peru (CAI208). S. per/a maintains average 
distances to other species, but sufficiently large to support its individuality as an evolutionary lineage 
according to Bradley and Baker (2001). 
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Figure 40.-Scatterplots of the patristic distances from the trees depicted in Figure 38. 
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Except for S. bidens from Peru (CAI208), all other species are clustered closely together in their 
averages (a). Individual comparisons for S. perla are scattered along other samples within the ingroup (b). A 
regression line and 95% confidence intervals around samples are depicted in both scatterplots. 
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Figure 41.-Two phylogenetic hypotheses inferred from Bayesian posterior probabilities 
with JC69 (a) and GTR+I+r (b) substitution models, as compared by TreeJuxtaposer. 
Emptied branches in tree a represent topological mismatches relative to tree b, according to the 
minimum available threshold for the best corresponding node (BCN). These mismathces are mostly due to 
unresolved relationships in tree b. S. perla seems to share a most recent commong ancestor with highland 
taxa; a perspective that runs contrary to its general morphology (i.e. shape of cusps in lower molars) and 
previous phylogenetic hypotheses (ludica, 2000). 
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5. 1. 4. A personal opinion on the discovery and publication of a new species 
Nearly a decade has passed since I first laid my eyes on a particulary unique kind of skull 
in the cabinets of the three zoology museum in Quito. When a museum dweller is used to 
observing dozens of skulls per day, unusual shapes quickly stand out. Some time went by, 
however, until I finally was able to put the whole picture together and start writing a manuscript 
laying out the evidence. Sturnira per/a, as far as I can tell, is a species because it seems to be a 
discrete evolutionary entity. Yet, in terms of its phenotype, it is only through the observation of its 
skull geometry that we can tell it apart from other species. Again, I must highlight what to me 
seems to be another paradox in the difficult art of understanding species. S. per/a is a discrete 
entity, but requires quantification to be understood. It is clearly different from other species (which 
may not be true species!); so distinct, that within its continuous range of variation, it may be truly 
discrete, especially in the sense of the gap along morphospace between it and other species. But 
such discreteness can only be understood through quantitative means, by establishing a 
canonical space of quantitatively described statistical variation. Finally, and despite the robust 
evidence 51 presented in Jarrin-V. and Kunz (2011 ), I found myself against a wall of criticism for 
not putting up with the usual qualitative approach of most taxonomic descriptions. The qualitative 
approach to describing species is something I consider beyond the realm of the scientific method. 
My stubbornness to adopt unscientific methods delayed the publication of my species for several 
years. Yet, reason finally prevailed over the misguided minds of certain colleagues; to whom, 
paradoxically, again, I owe much of the robustness found in the published description. 
5.2. Systematics of Sturnira in Ecuador, with comments on species boundaries 
51 When I say "robust evidence" this is true at least in relative terms when compared to other recent 
and past descriptions! 
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"biological classification is simultaneously a man-made system of pigeonholes devised for the 
pragmatic purpose of recording observations in a convenient manner and an acknowledgment of the fact of 
organic discontinuity" 
Dobzhansky(1937) 
In a recent diagnosis of morphological variation within the genus Sturnira, Jarrin-V. and 
Kunz (2011) referred to several past phylogenetic hypotheses. These precedent studies are a 
background from which further questions arise concerning the existence of species or lineages. 
Here, I expand an account of relevant contributions from these previous studies, discuss 
problems in our current understanding of species boundaries, contribute with a new phylogenetic 
hypothesis and propose new insights into the existence, relationships and boundaries of the 
species in Sturnira that occur in Ecuador. 
Pacheco and Patterson (1991) were the first to present a phylogenetic hypothesis for 
Sturnira. Their work can be summarized in supporting evidence for: 1) The placement of Corvira 
as the basal group within the genus. 2) The definition of two highland pairs of sister species, S. 
erythromos- S. bogotensis and S. ludovici- S.oporaphilum; therefore, validating each of these 
sister pairings as being closely related. 3) The recognition of a close relationship between S. 
/ilium and S. Iuisi. 4) Evidence supporting the differentiation of two main groups, one with high 
lingual cusps in the lower molars (i.e. S. tildae, S. /ilium, S. Iuisi, and S. thomasi, also known as 
the serrated group}, other characterized by the absence of such cusps (i.e. S. magna, S. 
erythromos, S. bogotensis, S. oporaphilum and S. ludovicl). 5) The placement of S. sp. A (Aibuja, 
1999) as an intermediate taxon between the subgenera Corvira and Sturnira. This S. sp. A was 
described as S. koopmanhilli by McCarthy eta/. (2006) and must not be confused with the S. sp 
A mentioned by Gardner (2008) (Jarrin-V. and Kunz, 2011 ). Pacheco and Patterson (1991) were 
the first to establish the designation "serrated" and "not serrated". Both terms refer to the 
presence or absence of a defined entoconid and metaconid. 
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The study of ludica (2000) was based on a partial sequence of the cytochrome b gene 
and a matrix of discrete morphological characters. The relevant contributions of this study were: 
1) Redefinition of Sturn ira parvidens and S. hondurensis as valid species. 2) Recognition of S. sp. 
"A" and S. sp. "B" as valid taxa, endemic to Ecuador (cf. Jarrin-V. and Kunz, 2011 ). 3) 
Reinforcement of the hypothesis previously proposed by Pacheco and Patterson (1991) on the 
presence of highland sister pairs, in which S. ludovici and S. erythromos are sister to S. 
oporaphilum and S. bogotensis respectively. 4) The suggestion that S. /ilium and S. Iuisi are 
equivocal classifications, reflecting continuous geographical variation in morphology, or two 
distinct subspecies or races occurring at different latitudes along the Amazonian basin. 5) The 
definition of S. aratathomasi, S. /ilium ("sensu lata"), S. parvidens, S. Iuisi, and S. thomasi as a 
clade of closely related taxa with no relationship to S. tildae. 
Villalobos and Valerio (2002) used a combination of morphological matrices, previously 
provided by Owen (1987) and Pacheco and Patterson (1991), and found evidence supporting: 1) 
Sturnira tildae and S. aratathomasi are sister species and a sister group to S. Iuisi, S. /ilium and 
S. thomasi. These five species form a monophyletic group with well defined lingual cusps on the 
lower molars. 2) S. magna is the basal taxon to all species, except for the Corvira group ( S. 
bidens Thomas and S. nana Gardner and O'Neill). 3) S. oporaphilum is basal to the sister pair S. 
erythromos- S. bogotensis. 4) S. ludovici and S. mordax form a politomy which is basal to S. 
oporaphilum. 5) The origin of the genus is the Andean highlands; contradicting the lowland origin 
proposed by de Ia Torre (1961).The highland origin of Sturnira concurs with estimates of 
sequence divergence among species, as calculated by ludica (2000). 
Finally, the phylogeny presented by Jarrrn-V and Kunz (2011) suggested that: 1) Sturnira 
per/a shares common ancestry with highland species, including S. tildae and S. magna. 2) S. 
bidens and S. nana are the basal group to the rest of Sturnira. 3) There is considerable 
substructure in S. /ilium, with at least two major branches with unclear geographic origin, either 
from Central or South America. 4) S. ludovici is formed by at least two distinct lineages, each with 
closer relationships to either S. hondurensis or S. oporaphilum. 5) S. magna, S. erythromos and 
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S. bogotensis share common ancestry within a single clade. These relationships loosely 
resemble those in the hypothesis by Agnarsson et at. (2011 ), although this last was estimated 
with a different combination of taxa beyond Sturnira, including two unnamed species within the 
genus. All previously discussed hypotheses, except for Agnarsson eta/. (2011) are depicted in 
Jarrrn-V and Kunz (2011 ). 
5.2.1. Uncertainty and contradictions 
One must ponder on the rationale used by authors for naming species or taxa in the 
previously discussed phylogenies. Unfortunately, few included a detailed account of quantification 
of variability in morphological traits. It may be true that they relied, at least, on a general sense of 
morphological uniformity within a lineage, and proceeded to assign it a name. Yet, the names 
these former authors used for explaining the topology of their phylogenetic hypotheses should not 
necessarily coincide with the particular spirit or sense given to the original entity when it was first 
described or mentioned in the published literature. Some of the species names in Sturnira, by 
which particular lineages have been given a nominal identity, are riddled with historical 
inconsistencies and their morphological variation is poorly understood (cf. Koompman, 1994; 
Simmons, 2005; Gardner, 2008). In the following account I differentiate between an entity and a 
species. The first can be a hypothesis or a categorical group for which there is still equivocal or 
insufficient evidence of its existence as a species, the second exists as an ontological individual 
in the form of an evolutionary lineage (sensu Hull, 1976). Hence, the use of names which we 
apply to particular lineages in phylogenetic hypotheses must be carefully chosen, in direct 
correspondence to their original meaning. Authors, therefore, should carefully justify their use of 
names for particular clades in a phylogeny. If these names were originally forged under a 
morphological argument (traditionally a qualitative one); then, authors of phylogenies should at 
least show evidence that their use of taxa names conform to such original descriptions. 
Otherwise, we risk adding a further component of entropy in an already involved system of 
classification which is the group Sturnira. 
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Two common species accounts for Sturnira are the taxonomic compendia of Koopman 
(1993, 1994) (revised by Simmons 2005), and the descriptions by Nowak (1999). The former 
referred to 12 species, apparently based on an erroneous use of synonyms (sensu ludica 2000). 
The last recognized 13 species, but in conflict with several species mentioned by Koopman 
(1994) and Simmons (2005). Both considered certain species as invalid, or grouped them as 
synonyms. In the context of these previous works, the recent review by Gardner (2008) highlights 
the current controversy in the ontological status of several species. Regardless of author, 
substantial debate subsists on the existence of the highland sister pairings Sturnira erythromos-
S. bogotensis and S. ludovici- S. oporaphilum. Taxonomic accounts in local regions of the 
Neotropics, such as those by Albuja ( 1999) and Tirira ( 1999) contradict each other in a number of 
views regarding the existence of certain species and their geographic occurrence (). Albuja 
(1999) regarded Sturnira bogotensis as a species, probably occurring in the northwestern cloud 
forests of Ecuador. But he did not recognized S. oporaphilum. Tirira (1999) placed both S. 
bogotensis and S. oporaphilum as species occurring only on the eastern slopes of the Andes. 
Neither author provided evidence or references supporting their geographic classifications or 
rationale for deciding why certain species should be regarded as valid or invalid. Davis (1980), 
who provided the first dichotomous key for the discrimination of species in Sturnira, obviated both 
S. bogotensis and S. oporaphilum, perhaps because he considered them as equivocal entities 
not entirely matching the observed morphological variation within and between species (cf. 
Gardner, 2008). 
The taxonomic status of Sturnira bogotensis remains unclear. Shamel's original 
description was for a subspecies of S. /ilium, an entity with the lingual margins of the lower molars 
being notched or with comparative high cusps in relation to S. ludovici, S. erythromos and S. 
oporaphilum (Shamel, 1927). Consequently, its original description never mentioned anything 
similar to " ... lingual margins are entire as in S. erythromos and S. oporaphilum." (Gardner, 2008). 
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Instead, Shamel (1927) judged the molariform teeth of S. bogotensis (sensu Shamel, 1927) "like 
those of S. /. parvidens" and highlighted as main characters "a small-toothed form like the 
Mexican Stumira lililum parvidens, but with longer foot and forearm." The conflict with the 
existence of this entity as a species, once called a subspecies, originates with Hershkovitz 
(1949), who unexplainably synonymized it to S. /udovici. This author highlighted the difference in 
molar shape between the lowlandS. /ilium (i.e. serrated molars) and the highlandS. ludovici (i.e. 
flat molars) but gave no detail about why he decided to place together a subspecies of S. /ilium 
into another morphologically distinct species. Other source of conflict is found in the work of 
Handley (1976) who came about with the species name now known for this entity, but gave no 
rationale as to why it should be called S. bogotensis and not as its original description intended. 
Others have synonymized this entity to different species, but always with little or no explanation of 
fundamental reasons (e.g. de Ia Torre, 1961). Gardner (2008) mentioned at least five cases 
where S. bogotensis is in taxonomic conflict in previous literature, where authors regarded this 
species as a synonym to S. ludovici, S. erythromos and S. oporaphilum. 
Given the lack of evidence which will support the existence of a species called Stumira 
bogotensis, I therefore conclude the entity under the designation "bogotensis" is part of a less 
inclusive form which Shamel (1927) considered asS. /ilium. Hence, and despite the assertions by 
Gardner (2008), Murioz (2001) may have been correct when relating the molar morphology of S. 
bogotensis to S. /ilium, both taxa with notched or "serrated" (sensu Pacheco and Patterson 1991) 
lower lingual molars (Shamel, 1927). This may also mean most current classification keys and 
description accounts, which include S. bogotensis, are erroneously placing this entity into the 
group lacking the characteristic cusps of lowland species. I must stress that naming a lineage as 
"S. bogotensis" may not be honoring the original meaning given to this entity by Shamel (1927) 
and may contribute to further complicate the state of knowledge on Stumira. The whole trajectory 
of this problem may easily find a reason in the misuse, or lack of use thereof, of the original 
description for S. /ilium bogotensis. 
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Within the extensive zoological compendia published by Tschudi (1844), the 
characteristics for Sturnira oporaphilum are hardly applicable in practice for organisms that could 
be as well named as S. ludovici. This fact is also reflected in conflict and inconsistency between 
contemporary authors when trying to establish boundaries by the use of keys and qualitative 
characters (Table 17). The names S. oporaphilum and S. ludovici have been assigned to sister 
lineages in the past. Both where species independently described by Tschudi (1844) and Anthony 
(1924), and latter synonymized in several occasions between each other and with other species. 
For example, in one of the latest attempts to explain the relationships within Sturnira, Gardner 
(2008) placed S. /udovici under S. oporaphilum as a subspecies. Phylogenetically, this will place 
both entities under a single species lineage and reduce their genetic distances (sensu Bradley 
and Baker, 2001 ). Despite the commendable efforts to clarify the systematics of Sturnira, there is 
yet no distinct molecular evidence which will justify Gardner's arguments (cf. ludica, 2000). 
Also, there is yet no quantitative estimate of morphological variation and distribution for 
Sturnira bogotensis and S. oporaphilum. Both, their putative morphological and geographical 
boundaries, in relation to their closest taxa S. erythromos and S. ludovici, remain poorly 
understood. Based on phylogenetic evidence, ludica (2000) suggested that S. oporaphilum is 
replaced northwards by S. /udovici, which is endemic to Ecuador, and that this is replaced by S. 
hondurensis further north into Colombia towards Central America. This pattern of geographic 
replacement, along a north-south axis, is echoed by Gardner (2008). Considering S. bogotensis 
as a name assigned to a lineage but not as the entity originally reported by Shamel (1927), ludica 
(2000) suggested its presence in Colombia and Peru, with no information regarding Ecuador. S. 
erythromos apparently occurs in Ecuador, but its hypothetical distribution is unclear (e.g. Albuja, 
1999; Tirira, 1999). Gardner (2008) suggested that S. bogotensis and S. erythromos are present 
in Peru northwards up to Venezuela. What ludica (2000) inappropriately called asS. bogotensis 
(sensu stricto according to Shamel, 1927) may be a sister clade to S. erythromos, both sharing 
geographic distribution in Ecuador. 
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As noted previously, the available phylogenetic relationships between Sturnira Iuisi and 
S. /ilium suggest these taxa are subpopulations of one species (ludica, 2000; Villalobos and 
Valerio, 2002). In other words, both S. Iuisi and S. /ilium will be indistinguishable in their haplotype 
structure as interpreted in phylogenetic hypotheses. Sturnira /ilium is the first species to be 
described for the genus (as Phyllostoma /ilium in Geoffroy Saint-Hilaire, 181 0). Later, a putatively 
distinct form from a stock of S. /ilium was described by Davis (1980), which he named asS. Iuisi. 
This new form was mainly characterized by "straight zigomatic arches," where the maxillary arm 
of the zygoma is not bowed outwards in relation to the external wall of the rostrum. Such 
particular disposition of the zygomatich arch results in a more or less triangular skull. From the 
evidence found by ludica (2000: 196), the description by Davis (1980) seems to have little or no 
support. When analyzing the variability in skull shapes that define both groups, ludica observed 
similar variation in samples assigned to each of the lineages or taxa in his phylogenetic 
hypothesis. In other words, ludica was unable to find any discrete boundary along a 
transformation series, including diagnostic shapes representing both species at the extremes of a 
continuous morphological gradient. ludica further suggested that specimens currently named as 
S. /ilium should probably be regarded as part of what he calls S. Iuisi, at least in some regions of 
the Neotropics such as northern Peru and Ecuador. Although S. Iuisi is apparently not a valid 
species, ludica retained the name established by Davis (1980) to designate individuals grouped 
in a clade. This stock is genetically distinct from those at southern latitudes, which ludica (2000) 
named as S. /ilium. Jarrrn-V. and Kunz (2011) briefly commented on the lack of morphological 
boundaries in the putative S. /ilium and S. Iuisi tin Ecuador through quantitative estimates of 
morphological variability. 
The decision by ludica (2000) to use the name "Sturnira luist for a lineage after knowing 
the samples used to form it did not match the original description of such entity as Davis (1980) 
proposed, may not be appropriate, especially given that it will not further our understanding of the 
existence and boundaries of species in the genus. ludica (2000) may have found no better 
rationale by which to maintain the name S. Iuisi than as an available name for an unnamed clade. 
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This, I fear, may have been a common practice with past phylogenies. Phylogenetic hypotheses 
are produced in which sister pairings occur, and names are assigned to each member of a pairing 
which not necessarily correspond with the original meaning or morphological description under 
which such names were first used. 
The original description for Sturnira tildae (de Ia Torre, 1959) is based on a particular 
shape for the upper molars as an important and unique diagnostic character, not present in the 
morphologically similar S. /ilium and S. Iuisi. However, this character is established as 
"insignificant" by Marinkelle and Cadena (1971), who said that the type material used for the 
original description in de Ia Torre (1959) included specimens with "unusually worn teeth". Thus, 
body size may be the only reliable diagnostic character that can be used for differentiating 
between lowland forms (Table 17). Paradoxically, the original description emphasizes no 
differences in size with other similar species (de Ia Torre, 1959). Yet, according to some authors, 
S. tildae would be noticeably larger than S. /ilium and S. Iuisi (Aibuja, 1999 and Miretzki, 2002). 
They probably follow the first published dichotomous key for Sturnira, in which Davis (1980) 
includes size as the main character differentiating S. tildae from the rest of species within the 
group with high crowns in the lingual edge of the lower molars (i.e. "serrated molars" according to 
Pacheco and Patterson, 1991 ). Davis's probably based his arguments in the report by Marinkelle 
and Cadena (1971). The existence of S. tildae for Ecuador has been accepted without 
questioning since the first reports made by Albuja (1982), with size being the main character used 
to represent this alleged species. The configuration of incisors, especially their perpendicular 
alignment in relation to the axial plane of the body, and the number of lobules in the edge of these 
teeth, are also used as additional diagnostic characters. The quantitative variation and validity of 
morphological character states for S. tildae have not yet been studied under a statistical context 
(sensu Jarrin-V. and Kunz, 2008; Jarrin-V. et al., 201 0). 
In conclusion, there are reasonable arguments to doubt that any of the aforementioned 
character states for some species in Sturnira, as proposed since the formal description of these 
species, will hold under quantitative scrutiny (sensu Jarrin-V. and Kunz, 2011 ). The same is true 
262 
for geographic distribution, where authors often maintain differing arguments. The equivocal and 
uncertain information in qualitative morphological boundaries calls for a phylogenetic inquiry into 
the relationships of lineages at the molecular level. As has been discussed, the majority of 
authors contradict each other in the limits of diagnostic characters (Table 17). Within this context I 
present a formal molecular systematic hypothesis of relationships among species to answer the 
following questions: 
1. Are there boundaries, in terms of phylogenetic structure, genetic distances, and 
geographic distribution supporting the presence of S. erythromos, S. ludovici, S. 
bogotensis and S. oporaphilum for Ecuador? 
2. Are Sturnira /ilium and S. Iuisi distinct species? 
3. Is Sturnira tildae present in Ecuador? 
4. What is the effect of the Andes for the phylogenetic relationships of populations and 
species? 
I expect this phylogenetic analysis to contribute answering these questions by showing 
which groups of taxa represent coherent lineages, which will suggest the existence of species as 
independent evolutionary entities. 
Table 18. Diagnostic character states used to discriminate among species in Sturnira. 
Most studies like Albuja (1999), Tirira (1999) and Gardner (2008) use the same character states as in Davis (1980) with slight 
modifications. Abbreviations are FA for forearm and GLS for greatest length of the skull. Corvira, S. koopmanhilly and S. per/a are not 
included in this table. Note the discrepancy in several of the quantitative and qualitative descriptions of character states, as well as the 
disagreement on valid species between the four authors. A group not recognized by an author is shown as an "X". 
Davis (1980) Albuja (1999) Tirira (1999) Gardner (2008) 
Lingual edge of the first two mandibular molars composed of high crowns 
S. magna FA~ 55; 28 :s; GLS :S 29 FA> 56 and around 58; 55 :s; FA :s; 59 FA > 51 ; GLS > 27 
GLS around 28.2. 
Posterior end of palate 
arched, cusps of upper 
central incisors wide. 
S. ludovici 42 :S FA :S 47; 22 :S GLS 46.6 :S FA :S 48.3; 24.4 :S 44 :s; FA :s; 48. Upper middle X 
:s; 25. Middle upper GLS :s; 26. Maxillary incisors projected outward 
incisors spear-shaped toothrow not clearly and separated at the tip. 
and in contact near the arranged in a U shape. Present west of the Andes. 
middle of tooth crown. Lower incisors without 
lobes. 
S. oporaphilum1 X X Same as S. ludovici, but 42 :s; FA :s; 47; 22 :s; GLS :s; 
IV 
en 
w 
present at the east of the 25. Upper incisors 
Andes. procumbent, anterior 
surface flat or slightly 
concave, and tips pint 
forward; shoulder spots 
usually conspicuous; lower 
incisors bilobed. 
S. erythromos 38SFAS41; GLS 38 s FA s 44; 22 s GLS s 38 s FA s 42. Present from 38 s FA s 45. Condylobasal 
around 21. Middle 24. Maxillary toothrow subtropical to lower Andean length s 19.4; mastoidal 
upper incisors spear- arranged in a defined U zones. breadth < 11.6; mandibular 
shaped and in contact shape. Lower incisors tooth row < 7. Shoulder 
near the middle of tooth without lobes. Dorsal hair spots inconspicuous or 
crown <8mm. absent; lower incisors 
bilobed. 
S. bogotensis2 Maxillary toothrow 42 s FA s 45. Upper middle 38 s FA s 45. Condylobasal 
arranged in a defined U incisors not projected outward length ~ 19.5; mastoidal 
X shape. Dorsal hair > 8.2 and in contact. Occurring in breadth ~ 11.6; mandibular 
mm. high subtropical and toothrow ~ 7. Shoulder 
temperate regions. spots inconspicuous or 
N 
~ 
absent; lower incisors 
bilobed. 
Lingual edge of the first two mandibular molars as a continuous sloping ridge 
S. aratathomasi 58 s FA s 60; GLS FA> 56 and around 59; 57 s FA s 60 54 s FA s 62; GLS 
around 30 GLS around 29.6. approximately 29. 
Posterior end of palate Paraconulid not present on 
forming a V, cusps of m1 and m2. 
upper central incisors long 
and pointed. 
S. tildae 46 s FA s 48; 24 s GLS 45 s FA s 50. Zigomatic 45 s FA s 50; 24 s GLS s 26 43 s FA s 51; 24 s GLS s 
s 26; ZB around 14. arches bowed. Lower 26; ZB about 14. Tips of 
Middle upper incisors incisors trilobed. inner upper incisors broad 
bilobed, lobes of equal and weakly bilobed with 
size and forming a broad lobes of equal size. 
cutting edge. 
S. li/ium3 FA seldom as long as 41 s FA s 44. Zigomatic 37 s FA s 42. Arched skull in FA s 45.5; 20 s GLS s 
41; 20 s GLS s 24. arches bowed. dorsal view, due to curved 24.5; ZB < 14. Tips of inner 
Maxilary arm of zigomatic arches. Maxilary upper incisors narrow, often 
N 
m 
U1 
zigomatic arch bowed toothrow arched. pointed. Maxillary ramus of 
outward. zygomatic arch noticeably 
bowed outward. Zygomatic 
arches not converging 
anteriorly; maxillary 
toothrows arched outward 
(not parallel). 
S. Iuisi 42 :s; FA :s; 44; :s; 20 GLS FA around 43.3. Zigomatic 41 :s; FA :s; 45. Triangular skull FA :s; 45.5; 20 :s; GLS :s; 
:s; 24. Maxilary arm not arches straight, in dorsal view, due to straight 24.5; ZB < 14. Tips of inner 
bowed outward, convergent toward the zigomatic arches. Straight upper incisors narrow, often 
triangular skull from anterior part of the skull. maxillary toothrow. pointed. Maxillary ramus of 
dorsal view. Maxillary zygomatic arch not 
toothrows nearly noticeably bowed outward. 
parallel. Zygomatic arches strongly 
converging anteriorly; 
maxillary toothrows nearly 
parallel. 
1. The occurrence of this species should be limited to southern latitudes after the hypotheses proposed by ludica (2000). 
2. The presence of this species is not confirmed for Ecuador (ludica, 2000). 
3. The individuals assigned to Stumira lifium are probably part of single lowland species according to ludica (2000). N 0\ 
0\ 
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5. 2. 2. Methods 
In the proposed phylogenetic hypothesis, the names I assign to main clades follow my 
criterion regarding the uncertainty that is present in current literature and which was explained in 
the previous section. For example, I avoid using the names Stumira oporaphilum and S. 
bogotenesis. I have discussed a number of reasons to doubt that the qualitative portrayal of 
character states serves to a reliable discrimination between poorly understood species or putative 
species pairings such asS. ludovici and S. oporaphi/um, or S. erythormos and S. bogotensis 
(Jarrfn-V. and Kunz, 2011 ). It suffices to look at the contradictory character states in Table 17 to 
know that any particular system of classification, based on a particular selection of qualitatively 
described diagnostic characters, is mostly a subjective one. The same is true for the attempt to 
establish discrete boundaries along quantitative characters such as forearm length (Table 17) 
(sensu Jarrfn-V. et al., 201 0). Hence, the names I give to particular clades have a direct 
correspondence to the evolutionary lineages inferred along the topology of a phylogeny, but do 
not necessarily have a strict connection to the qualitative descriptions of character states which 
were previously discussed (Table 17). I am cautious in the use of names for species lineages and 
emphasize those cases were the original meaning or description for a species does not 
necessarily matches the use of names for lineages. 
I acquired muscle or skin tissues (1 mm3) from vouchered specimens for molecular 
analysis. Over 90% of these specimens belong to preserved museum skins and alcoholic 
samples from the Zoology Museum of the Pontifical Catholic University of Ecuador (QCAZ) and 
belong to the same set previously analyzed and listed in Jarrin-V. and Kunz (2011 ). The DNA 
barcode (Hebert et al., 2003) was extracted, amplified and sequenced at a region near the 5'-
terminus of the mitochondrial cytochrome c oxidase subunit 1 (COl) gene following Clare eta/. 
(2007) and lvanova eta/. (2007). Sampled tissues were placed directly into a 96 well plate 
containing lysis buffer and proteinase K, and subsequent DNA extraction employed an automated 
glass fiber protocol (lvanova et al., 2006). The full length target region of COl was amplified by 
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using the primer cocktail C_ VF1 LFt1 I C_ VR1 LRt1 described by Iva nova eta/. (2007). For 
recalcitrant samples a shorter segment was targeted using the RonM internal primer (Pfunder et 
al., 2004) also outlined in Borisenko et al. (2008). For expanded protocols for barcode recovery 
from mammal specimens see lvanova et al. (in review) 
The PCR reaction occurred in a 12.5ul volume including 0.05% trehalose, 1x PCR buffer 
for Platinum® Taq DNA polymerase (Invitrogen), 0.125mM MgCI2, 0.1 mM forward and reverse 
primer cocktail, 0.5mM DNTPs, 0.25U/ml Platinum® Taq DNA polymerase (Invitrogen) and 41.11 
H20 +template DNA (Hajibabaei et al., 2005). PCR reactions were ran under the following 
thermal cycle conditions: 1 min at 94°C followed by 5 cycles of 30 sec at 94°C, 40 sec at 50°C, 
and 1 min at 72°C, followed by 35 cycles of 30 sec at 94°C, 40 sec at 55°C, and 1 min at 72°C, 
and finally 10 min at 72°C. Samples producing single clear amplicons were sequenced with M13F 
and M13R (Messing, 1983) for full length fragments and amplicons from short fragments were 
sequenced with the corresponding PCR primers. All PCR products were sequenced at the 
Biodiverisity Institute of Ontario using Big Dye v.3.1 on an ABI 3730 capillary sequencer (Applied 
Biosystems). All sequences were edited in SeqScape v.2.1.1 (Applied Biosystems) and aligned 
them manually using BioEdit v.7.0.9 (Ibis BioSciences). 
A total of 438 sequences, including outgroup taxa, were included in the phylogenetic 
analysis. The data set will be available in GenBank after the publication of this chapter. Accession 
numbers and species for outgroups are respectively: EF080298.1 - Choeroniscus minor, 
EU096750.1 - Glossophaga soricina, EU096808.1 - Myotis nigricans, EF080165.1 - Caro/lia 
brevicauda, EF080089.1 - Artibeus /ituratus, and HM541720.1 - Rhino/ophus pearsonii. The 
model of nucleotide substitution, as estimated with jModeiTest v. 0.1.1 (Guindon and Gascuel, 
2003; Posada, 2008), and selected by the Akaike Information Criterion (AIC), was a HKY model 
with gamma-distributed rate variation across sites (HKY+r). 
A first hypothesis was inferred from bayesian inference (81) with MrBayes v. 3.1.2 
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003). The resulting phylogenetic 
hypothesis was based on a HKY+r model. Although the general structure of the model was 
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constrained in this Bayesian analysis, I assumed no prior knowledge about the probability density 
functions on its parameters (e.g. substitution rates and nucleotide frequencies) and left these as 
the default priors in MrBayes (e.g. the probability density as a flat Dirichlet and the gamma 
parameter as a uniform distribution). This allows the Markov-chain Monte Carlo method (MCMC) 
to generate posterior probabilities for estimating these parameters, assuming no prior knowledge. 
The analysis was made with partitioned (site specific) codon positions, unlinked estimation of 
parameters within each partition, and variable rates of substitution per partition (with flat Dirichlet 
priors). The analysis included 50 million generations, two independent runs, and four chains per 
run. Hypotheses were sampled each 5000 generations and the first 25% of these samples were 
discarded according to the behavior of the average standard deviation of split frequencies; which 
at 25% of the total generations reached an area of stability close to 0.017. The remaining 75% of 
the trees and parameters were respectively summarized as a consensus of agreement in 
bipartitions which are higher than 50% of all estimated trees (i.e. 4500). The parameters for the 
nucleotide substitution model had values of potential scale reduction factor (PSRF) that were 
close to 1.00 after reaching the 50 million generations. 
The topology of one maximum likelihood (ML) best tree, after a default hill climbing 
algorithm, was evaluated with a 1.000 thorough bootstrap replicates as implemented in RAxML v. 
7.0.3 (Stamatakis 2006). The Gamma model of rate heterogeneity, empirical base frequencies 
and evolutionary rates of the HKY model were inferred jointly for all 1st and 2nd positions in the 
alignment and separately for 3rd positions. The means and corresponding standard errors for 
genetic distances within and among species were estimated with MEGA v. 5.05 (Tamura et al., 
2011 ). A bootstrap procedure with 1.000 replicates was used for standard error estimates. 
Distances were based on the Tamura-Nei (TN-93) model, the most complex nucleotide 
substitution model available in MEGA, with rate variation among sites following a gamma 
distribution (shape parameter = 1 ). All ambiguous positions were removed for each sequence 
pair. 
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Morphological methods, variables, and character states which complement the 
perspectives presented in this study correspond to those by Jarrin-V. and Kunz (2011 ). 
Morphological evidence presented herein is used to show the presence, or lack thereof, of 
boundaries among certain species or groups. Phylogenies show taxa identified through 
qualitative morphology according to keys (Table 17), and quantitative morphological space show 
samples identified through the phylogenetic location of samples as terminal taxa. The 
philosophical approach of this study is funded on the principle that species, as entities, can only 
be understood within the population-thinking paradigm (Mayr, 1959). Hence, instead of reducing 
my perspective of phylogenetic relationships and taxa into one of single-organism essentialism, 
my phylogenetic hypothesis includes all possible samples available to us from the region of study. 
The boundaries of species can only be studied by estimates based on generous sample sizes, 
which in this case correspond to terminal taxa which form main clades or lineages and which also 
give shape to morphometric space. Besides, this approach may strengthen the current 
hypothesis by accounting for any variation within main lineages and reducing sampling error and 
bias (lves et al., 2007; Humphries and Winker, 2010). 
5. 2. 3. Results 
Sequences for the 439 samples range from a total of 657 bp to 196 bp. There are no 
ambiguous regions of alignment and no indels are present which could represent unique 
differences between lineages. Some character chains remain shorter because of the original 
quality of the source museum sample. The overall alignment consists of 392 distinct patterns or 
informative sites with a proportion of missing characters equal to 0.12. The base pair substitutions 
are more common in third position sites (44.29%), then first position sites (44.29%) and least 
common in second position sites (35.16%). Pair wise mean sequence divergence is 0.1-1.1% 
between conspecific mt DNA haplotypes (Fig. 42A). These genetic divergence distances range 
from 5.2% to 8.1% between sister species, from 6.9% to 26% between species in separate 
lineages and from 27% to 30% between ingroup and outgroup species (Fig. 428). 
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Both the final Bayesian and ML hypotheses estimate a total of 10 main ingroup lineages 
or species (Fig. 43). There is considerable substructure within each species, especially for S. 
bidens. The topology of both hypotheses is similar except for the ancestral position at which the 
sister pairing S. /ilium A and S. /ilium B is grouped with other species. For example, in the 
Bayesian hypothesis, the clade formed by S. erythromos A (C), S. magna (D), S. erythromos B 
(E) and S. per/a Jarrin-V. and Kunz (F) is sister to a clade including S. ludovici A (G), S. /udovici 
B (H) and S. tildae (I); whereas in the ML hypothesis this last clade is most closely related to the 
sister pairing S. /ilium A (A) and S. /ilium B (B). Bootstrap support or posterior probabilities for this 
particular branch, uniting either of the formerly mentioned groups is low for both hypotheses. In 
general, particularly troublesome clade positions, because of the estimated low branch support, 
occur at intermediate nodes. Yet, support values are considerably larger in most cases for the 
Bayesian hypothesis. Exceptionally small support values occur for some branches in the ML 
hypothesis, especially for S. /ilium B (B) (Fig. 43). 
A sense for the validity of morphological character states, set as boundaries for species 
in dichotomous keys and descriptions, is conveyed by the morphological identification of samples 
and their distribution within each inferred lineage. Hence, the morphological classification of 
samples into either Sturnira /ilium or S. Iuisi, along the topology of a phylogeny, does not support 
the existence of this last species (Fig. 44). Organisms assigned to either of both putative species 
are thoroughly intermingled in two main lineages, which I will call as S. /ilium A and S. /ilium B. 
This last is, by and large, an entity belonging to the western lowlands of Ecuador, with its sister 
clade having a mixture of specimens from either side of the Andean barrier (Fig. 45). The lack of 
morphological boundaries between putative S. /ilium and S. Iuisi, through a quantitative approach 
to the study of variation, has been briefly mentioned by Jarrin-V. and Kunz (2011) (Fig. 46). From 
the quantification of the qualitative perspectives first proposed by Davis ( 1980) and depicted in 
Figure 46, there is no evidence for a reliable method of discrimination between S. Iuisi (sensu 
stricto, according to its original description) and S. /ilium. Both putative species occupy the same 
character space. There are, however, two clearly distinct lineages, one of which has an 
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unambiguous geographical association to western lowlands, while the other consists of a mixture 
of western and eastern samples. 
In contrast to the lack of boundaries between putative Sturnira Iuisi and S. /ilium, S. per/a, 
a recently described species, is corroborated here as an independent lineage. Instead of being 
within a clade formed by other lowland species, it shows closer relationship to highland S. ludovici 
and S. erythromos (Fig. 44). The sharp boundaries of S. per/a in morphospace (Fig. 46), its large 
genetic distances (Fig. 42) and its remote relationships to other lowland species of similar size 
and shape (i.e. S. /ilium sensu lato) along the topology of inferred phylogenies (Fig. 44), stand out 
in the context of the allegedly discrete morphological features and lineage independence of S. 
Iuisi. 
The highland species with flat lingual cusps in the lower molars are formed by four 
lineages, which I assign the names of Sturnira erythromos A, S. erythomos B, S. ludovici A and 
S. ludovici B (Fig. 44). A number of morphological identification mismatches are seen along the 
topology of these four clades, mostly due to the natural overlap of continuous character states as 
forearm length (Table 17). Despite the presence of four lineages, it is not possible to objectively 
distinguish between four distinct species in a space formed by combinations of quantitative size 
and shape (Fig. 47). Along morphospace, it is possible the distinction of two groups of samples, 
one formed by the larger S. ludovici A and S. ludovici B, the other by the smaller S. erythromos A 
and S. erythomos B. A sister pairing only occurs for S. ludovici A and S. ludovici B, while S. 
erythromos A is more closely related to S. magna than to S. erythromos B. There is a marked 
geographic difference between Sturnira ludovici A and S. ludovici B, with the first occurring 
exclusively in the western lowlands of Ecuador, and the second formed by samples from the 
eastern lowlands. 
The lineage to which I assign the name Sturnira tildae, defined here by two samples of 
large body size from Amazonia, has a discrete identity in the inferred phylogeny (Fig. 44). It 
shares a most recent common ancestor with the sister pairing S. ludovici A-B. Finally, there is 
considerable substructure within S. bidens, with three clades each having a distinct geographic 
presence (Fig. 45). 
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Figure 43. Final consensus phylogenies for Sturnira in Ecuador by Bayesian inference (A) and Maximum likelihood (B). 
Both hypotheses conform in the number of main clades representing species but their overall topology is considerably distinct. Values on 
branches correspond to either posterior probabilities or bootstrap values. 
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K) Outgroup 
Figure 44. A phylogenetic hypothesis inferred from Bayesian posterior probabilities with the 
HKY+r substitution model for Sturnira in Ecuador. 
This hypothesis is a consensus of agreement in bipartitions which are higher than 50% of all 
sampled trees (7.500 trees). Support values at nodes are posterior probabilities. Terminal taxa are individual 
organisms and their symbols correspond to their qualitative morphological identification into species. 
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Figure 45. A Bayesian phylogeny of species of Sturnira in Ecuador showing the 
geographic origin of taxa. 
There is a sharp distinction between western and eastern clades for putative groups such as S. 
/ilium, S. /udovici and S. bidens. Values for branches correspond to posterior probabilities. 
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Figure 46. The lack of boundaries for some species in Sturnira as shown by multivariate 
components of morphological variation according to Jarrin-V. and Kunz (2011 ). 
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PC I-III are the first three components of interlandmark character variation (A and B). RW 1-11 are 
the first two components of landmark shape variation (C and D). ACM is the quantitative interpretation of the 
angle of curvature of the zyogmatic arch as first proposed by Davis (1980) as a relevant character for the 
discrimination of S. Iuisi (D). Diagrams b and c represent the landmark configuration at points in the space 
when the average skull configuration a is warped to match the configuration at that point. This average 
configuration (a) shows the individual variation of each particular sample as an overlay at each landmark 
position. Only S. perla shows discrete morphological boundaries along continuous space. S. tildae (sensu 
lato) can be differentiated up to a certain point along the first component of multivariate size PC I. For a full 
description of the methods used to infer this space please refer to Jarrin-V. and Kunz (2011). 
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Figure 47. Quantitative aspects of morphological variation for highland Sturnira. 
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PC I-III are the first three components of interlandmark character variation. RW I-III are the first 
three components of skull shape variation when landmarks in each skull are analyzed through geometric 
techniques. The pair with larger body size, S. ludovici A and S. ludovici B, is distinct from the smaller pair S. 
erythromos A and S. erythromos B along PC I. Both larger species are also marginally distinct from both 
smaller along RW I, although with considerable overlap. However, it is in the combination of the two first 
components of geometric shape where the larger pair (S. ludovici A and S. ludovici B) is most different to the 
smaller pair (S. erythromos A and S. erythromos B). For a description of the methods used to infer this 
mophological space please refer to Jarrin-V. and Kunz (2011). 
5.2.4. Discussion 
I believe the hypothesis proposed by Agnarsson eta/. (2011) contains noteworthy 
correspondences to the one proposed herein, and which has differences with previous ones (i.e. 
Pacheco and Patterson, 1991; Villalobos and Valerio, 2002). For example, Sturnira magna, a 
highly distinct lowland form because of its extremely large size, shares closer ancestry to 
highlandS. erythromos (sensu lato). The same is true for S. per/a (the unnamed species in 
Agnarsson's hypothesis with taxon name CAl 20038 corresponds to S. per/a), another lowland 
form with "serrated" molars (sensu Pacheco and Patterson, 1991), which also shares a closer line 
of descent with S. erythromos. In a distinct clade there is a similar pattern, where S. tildae, a 
lowland species with cusps in the lower molars, is more closely related to highland species with 
absent cusps in the lower molars (i.e. either S. ludovici sensu lato in this study or S. bogotensis in 
Agnarsson's). Hence, geographic distribution (as for lowlands or highlands) or the important 
morphological cue represented by the presence or absence of cusps in the lower molars, which is 
frequently used for morphological identification, are not synapomorphic character states and have 
apparently evolved several times at independent lineages. 
My use of names for lineages I consider species is a conservative one. I think the current 
state of knowledge about the statistical distribution of allegedly discrete character states (often 
qualitatively described) (cf. Jarrin-V. et al., 2010), the quantitative morphological space described 
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herein, and the equivocal geographic distribution assigned to particular species or entities (Table 
17), provide insufficient evidence as to allow the discrimination between some species. It is 
evident in this study the existence of at least two species or lineages for S. ludovici and S. 
erythromos (sensu lato). However, I have discussed historical inconsistencies and lack of sound 
morphological evidence, and presented quantitative aspects of morphological variation, which 
justify believing neither of these lineages should be called after S. oporaphilum or S. bogotensis. 
Further studies, which will necessarily have to address the quantification of size and shape, and 
unavoidably consider the historical background through which entities are assigned names, will 
help clarify the truth identity of these lineages. 
I propose the invalidity of S. Iuisi as a species. The original description for this entity does 
not hold under the current phylogenetic and quantitative evidence. Davis (1980) used verbal 
accounts in order to describe what he thought was a coherent morphological group of organisms 
representing a species. Initially, ludica (2000) gave the preliminary hints as to whether this entity 
was a real species. He based his arguments in the observations provided by his molecular 
phylogenetic estimates and qualitative observations of morphological variation along series of 
sampled skulls. Besides showing that S. /ilium and S. Iuisi, as morphological entities, appear 
thoroughly mixed in two sister lineages, here I also present a morphological space which 
quantifies the shape of the skull for S. Iuisi (sensu Davis, 1980) and S. /ilium. This quantitative 
estimation of morphological variation and the pattern by which organisms distribute in lineages 
shows there is no evidence to support the existence of Sturnira Iuisi in the strict sense of its 
orginal description. Synonymizations are a natural part of discovering biodiversity and my 
suggestion may be well within estimated limits for this process, especially given that near one 
third of currently accepted names for certain study groups will eventually prove invalid (Alroy, 
2002). 
A criticism to my approach may be raised by arguing I may not have the necessary 
expertise or knowledge as to how to discriminate samples into species by qualitative means, 
when using the available morphological keys and descriptions in published literature (this same 
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argument could have been applied to former authors of phylogenies for Sturnira). Therefore, this 
critic may argue one of the lineages I call as Sturnira /ilium A and S. filum B is in factS. Iuisi (but 
which?). In fact neither of both lineages should be called after species having equivocal 
taxonomic histories, and for which knowledge of morphological variation is insufficient or 
inaccurate. Leaving aside the discussion included in the introductory section of this manuscript, 
and the evidence presented in this study, which gives a sense of how contradictory this 
hypothetical critic may be, my approach and doubts about the validity of S. Iuisi are based on the 
belief that species are lineages whose existence has to be regarded as hypotheses about the 
distribution of character states (Jarrin-V. et al., 201 0). These hypotheses must be tested through 
robust methods of falsification, instead of maintained as purely verbal accounts from qualitative 
and therefore subjective points of view (Jarrin and Kunz, 2008). Besides, while former studies 
based their arguments on one or two organisms per lineage, mine is the first to estimate lineages 
on many samples. It is this relative richness of sample size that provide us with a perspective of 
within and among group variation that is absent in other studies. 
Sturnira tildae was described as an endemic species to the island of Trinidad (de Ia 
Torre, 1959). The morphological characters used for its description, expected to distinguish this 
species from others, are related to the shape of teeth, and based on two individuals. From a 
statistical point of view, such a limited sample size precludes a quantitative estimate of 
uncertainty about the author's arguments (Jarrin-V. and Kunz, 2008). Unfortunately, there have 
not yet been attempts at the reevaluation of de Ia Torre's proposed character states for this 
species. ludica (2000) did not find support for this species in the various phylogenetic hypotheses 
he estimated. This led him to suggest S. ti/dae should be regarded as a group restricted to 
Trinidad and Tobago (ludica, 2000, 198). The first report for S. tildae in South America was by Hill 
(1964), and later followed by the report of Marinkelle and Cadena (1971). The evidence 
presented by these studies is inconclusive and obscure, as there is no clear explanation on the 
characters used to differentiate a group representing S. tildae from the rest of individuals 
belonging to either S. /ilium or S. Iuisi. Both works are descriptive accounts, and do not assess 
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the degree and extent of the variability present in the character states used to diagnose each 
species. Marinkelle and Cadena ( 1971) mentioned the inconsistence of some characters used by 
de Ia Torre (1959), but highlighted the "wide range of individual variation". Unfortunately they did 
not made a quantitative assessment of either discrete or continuous traits. Specimens named as 
S. tildae which occur in the continent are characterized by their large size relative to S. /ilium 
(sensu stricto) and S. Iuisi (sensu lato). Yet, the original entity named by de Ia Torre (1959) was 
not distinct in size. The most recent report for the presence of S. tildae in the Neotropics is based 
on one individual (Miretzki, 2002), and this single specimen is compared to a group of 24 samples 
belonging to S. /ilium, with differences mainly in the size of several continuous characters. A 
specimen is an isolated and non-dimensional speck of a complex multiorganismal ontological 
individual, known as a species, and which can only be accurately diagnosed in statistical grounds 
(sensu Mayr, 1959). Hence, this lineage which is closely related to S. ludovici, and 
morphologically characterized by having "serrated" molars and large body size (Figs. 44 and 46), 
and occurring in the Amazon basin, must not be appropriately called as S. tildae, since this does 
not honor the original meaning given by de Ia Torre (1959) to this entity. The final word on this 
issue must originate from a quantitative and molecular contrast of the source material available to 
de Ia Torre in the Antilles and those specimens called asS. tildae in the Amazon basin. My use of 
the name S. tildae for this particular lineage is in consequence provisional and must not be taken 
in the strict sense of its original description. 
There is a remarkable, although not necessarily surprising, bipartition in certain lineages 
which can be attributable to the isolating effect of the Andes. This is true for S. bidens, S. ludovici 
(sensu lato) and S. /ilium (sensu lato); which consist of lineages formed by organisms exclusively 
coming from either east or west of the Andes. Although scarce, other studies with bats have 
presented evidence suggesting the Andes is a barrier influencing the formation of sister allopatric 
lineages (e.g. Pinto, 2009). Further studies, based on the present sets of samples, which were 
used here to estimate the discussed phylogenies, may quantify any morphological variation which 
could be correlated to environmental components at either side of the Andes. The observed 
284 
patterns of morphological variation in these geographically distinct lineages, assessed within a 
quantifiable and statistical framework, will give us further evidence about the identity of lineages, 
the nature of their variation, and the possible processes influencing their evolution as distinct 
species. 
The phylogenetic hypothesis I propose suggests there is a consistent pattern of 
morphologically similar sister species pairings. This pattern occurs along the entire topology of 
the tree, including S. bidens. I reiterate it will be a profound mistake to name these sister pairings 
after species whose morphological variation is misunderstood or inadequately known. For 
example, we could easily name one clade as Sturnira ludovici (currently either S. ludovici A or S. 
/udovici B) and its sister as S. oporaphi/um. But I will be doing this blindly, without a trusted 
source of reliable information about the extent of within and among group variation. Furthermore, 
with this action, I will only be contributing to the already large and convoluted taxonomical 
conundrum that is this group of bats. Instead, I think my proposed phylogeny, with its abundance 
of samples within lineages, is an exciting first step into the study of the quantitative properties of 
diagnostic traits with the ultimate goal of knowing with more certainty what a species is in 
Sturnira. 
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